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INTRODUCTION 
Mosquitoes present a serious threat to the health and well being 
of man and his animals as pests and as vectors of pathogenic organisms. 
The adult female^ requirement of a blood meal for egg production 
facilitates contraction and transmission of disease organisms. Conse¬ 
quently investigators have tended to concentrate their efforts on the 
adult, particularly the female. Larvae have been relatively neglected 
until recently, except for descriptive taxonomic and bionomic studies. 
Sampling techniques for determining larval population parameters 
are inadequate, and information in this area is scattered and sparse 
(Knight, 1964). The mark, release,and recapture method, first introduced 
by Lincoln in 1930, only recently has become an important tool in larval 
population studies. In this technique, individuals of a population are 
captured, marked and released back into the original population. After 
a suitable length of time, to allow for normal redistribution of the marked 
individuals within the population, samples are taken. Theoretically, 
Population = _ Tr 
«r 
where is the total number of marked individuals, Mr is the marked in¬ 
dividuals recaptured and Tr, the total number recaptured. This method is 
the most accurate and versatile of the techniques now used and its use enables 
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investigators to study absolute population sizes, and distribution 
and movement of instars within a population. 
The introduction of radioactive marking agents in 1952, has 
stimulated research with this sampling method. However, procure¬ 
ment of radioactive substances requires lengthy governmental 
clearance procedures and the short half-life of the isotopes most 
commonly used demands adherence to an exacting schedule of appli¬ 
cation. A stable, readily available marking agent would alleviate 
these problems. 
The following work was undertaken in conjunction with marking 
agents used in the mark and release sampling method. Peters and 
Chevone (1968) found that a vital dye, Nile Blue Sulfate (A), 
adequately tagged mosquito larvae for mark, release and recapture 
studies of larval populations. Concentrations of 5.0 parts per 
million yielded 100 o/o staining and a mortality 8.0 o/o greater 
than normal laboratory mortality. However, we noted that larval 
development was retarded while the larvae were in the dye solutions. 
A marking agent should not alter the behavior or physiology 
of the organism marked. Random redistribution of released indi¬ 
viduals back into the population is an assumption in the mark, 
release and recapture technique; since abnormal redistribution 
will result in inaccurate population estimates and high sampling 
variability. If the marking agent affects the physiology or 
behavior of the marked individuals, the normal distribution 
patterns may also be affected. 
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The purpose of the following work is to determine the effects 
of Nile Blue A upon the larval development and to evaluate the 
potential use of this dye as a marking agent. Three phases of 
study were conducted to determine if Nile Blue Sulfate significantly 
altered the behavior or physiology cf larvae of the yellow fever 
mosquito, Aedes aegypti (L.). They were: 
1. effect of dye concentrations upon the length 
of larval development to pupation, 
2. histological determination of the organs and 
tissues concentrating the dye in the IV in¬ 
star larva, 
3. comparison of the oxygen comsumption rates 
of stained and unstained TV instar larvae 
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LITERATURE REVIEW 
Larval Development of Aedes aegypti (L.) 
Ecological parameters naturally controlling larval development 
of A. aegypti are numerous. Standard laboratory rearing techniques, 
however, have reduced the effect of these factors considerably. 
Nutrition is the variable most difficult to control and is of 
primary importance in larval development in the laboratory. Other 
factors, more easily controlled, are temperature, density, light, 
toxic chemicals and pH. 
Temperature 
Duration of the larval period of A. aegypti is extremely 
dependent upon temperature. Numerous reports, both general and 
specific, on total duration are in the literature. Frances (1907) 
gives ? days minimum at 27°C, Mitchel (1907) 8 to 13 days in fairly 
warm weather, and Newstead and Thomas (1910) 9 days at 23°C. Putnam 
and Shannon (1934) give a mean of 6.4 days (154 hours) at 27°C and 
7 days at 23-26°C. Christophers (i960) gives an extensive listing 
of the available literature. 
Macfie (1917) reports the first account of the duration of 
each stadium: one day for the first three instars and 2-3 days 
for the fourth. Christophers (i960) records instar length at 28°C 
as folD-Oitfs: 50 o/o ecdysis of I instars in 25-26 hours, all II 
instars in 30-42 hours; 50 o/o ecdysis of II instars in 46 hours, 
all III instars in 54-68 hours; 50 o/o ecdysis of III instars in 
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71-72 hours; the first male pupa in 102 hours, the bulk of male 
pupae in 122 hours; the bulk of female pupae in 144 hours. Fay 
(1964), summarizing the literature, gives one day for each of the 
first three instars and 2-3 days for the 4th instar at an optimal 
temperature range of 25-29°C. 
The effects of extreme temperatures and variable temperatures 
during development have interested many investigators. Christophers 
(i960) gives the lethal high for brief exposures (no time stated) as 
47°C. Bacot (19.16) reported the lethal low as 1°C, but Ramsey and 
Carpenter (1932) demonstrated that larvae can withstand freezing 
for 8 hours, but not for 24 hours. Temperature limits for effective 
development, i.e, complete development to emergence, are l6°C for 
the lower limit (Headlee, 1940-2) and 31°C for the upper (Christophers, 
i960). Fay (1964) showed that adults will emerge if larvae are 
subjected to 5 minutes exposure at 4l°C, but prolonged exposure to 
32°C produces adverse effects. The threshold for development is 
9-10°C and the developmental zero, the effective lower limit, 13.3°C 
as shown by Bar-Zeev (1958). He further states that each instar 
develops fastest within a different limited temperature range. The 
first instar develops fastest at 35"36°C, the II, III, and TV instars 
develop fastest at respectively lower temperatures. Omardeen (1957) 
found that II instars preferred temperatures of 23-32.°C, but tem¬ 
perature preferenda narrowed with increasing age: the pupa being 
most sensitive and preferring a range of 27-32°C. Headlee (1942) 
showed that a variable temperature produced faster development, 0.5 
days faster at 22 / 3°0t than a constant temperature at the mean of 
6 
the range. 
In summary, development begins at 9~10°C, becomes effective 
at l4-l6°C, increases up to 31°C» possibly somewhat higher, then ( 
rapidly declines above 33°^ with sm optimal range of 27~31°C» 
Nutrition 
Quality and quantity of food greatly affect the length of 
the larval period of A. aegypti. Early investigators used several 
types of food in laboratory rearing of the larvae. They include 
nutrients in natural water, bacterial and protozoan cultures, sol¬ 
utes, yeast, dog food, and proteinaceous extracts of liver or other 
materials. 
Investigations requiring aseptic rearing conditions have 
stimulated research on qualitative and quantitative food require¬ 
ments for normal development. Trager (1935*1937) was the first to 
determine qualitatively some of the vitamins necessary for growth: 
thiamin hydrochloride (B^), riboflavin (B£), and a factor of unknown 
chemical composition present in a "flavin-purinen complex. Buddington 
(1941), continuing Trager’s nutrition studies, found the unknown factor 
he reported to be heat-stable and present in whole yeast and liver 
extract. Since all three factors are present in whole yeast, the 
larvae develop adequately on yeast alone. Goldberg et al. (1945) 
showed that the essential parts of the vitamin B complex are thiamin, 
riboflavin, pyridoxin, nicotinic acid and panthothenic acid. Further 
work by Goldberg and DeMeillon (1948) determined a number of amino 
acids necessary for complete development and diets lacking in proteins 
or the enumerated amino acids prevented larvae from reaching the II 
instar. Trembley (1955) showed that larvae develop effectively on 
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either dried Brewer’s yeast or ground dog chow. 
Salts are a necessity for optimal development and Trager 
(1935) formulated a solution containing KH2PO4, K2HFO4, FeSOii, • 7H20, 
MnS04 • 4H20, NaCl, CaCl2, and • 7^0. Bates (1941) also found 
that salts have a nutrient value and formulated a nutrient medium, 
Bates’ ’’Medium S”, containing MgSO^, CaSO^, and NaCl which increased 
development somewhat. 
Although many workers (DeMeillon et al., 1945J Goldberg and 
DeMeillon, 1947, 1948; Lea et al., 1956; Lea and Delong, 1958; and 
Akov, 1982) have presented holidic diets, no one has yet found a 
suitable mixture in which larvae develop in less than 8 days. 
Development to pupation occurs in 5“6 days at 26-28°C with dried 
Brewer’s yeast or ground dog chow as food. 
Availability of food controls larval development. Marcovitch 
(i960) kept larvae alive for 13 days with no food. Under starvation 
conditions (minimal food for survival) larvae lived for 152 days. 
With an adequate diet, larvae pupate in 6 days with the following 
amounts of food: 0.2, 0.3, 0.4, and 0.6 milligrams of laboratory 
dog chow per larva on days 1, 2, 3, and 4-6 respectively (Fay, 1964). 
Peters and Chevone (1966) conducted studies on food/volume and 
food/larva and found that food/volume becomes the limiting factor 
if larval density does not exceed 1 larva/l.4 ml medium. Dried 
Brewer’s yeast in amounts of 0.5 mg/ml/day for I and II instars, 
1.0 mg/ml/day for III instars and 1.5 mg/ml/day for IV instars 
provided an excess of food and limited the formation of surface 
bacterial scum. 
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Other Factors 
Density has an effect on the duration of the larval period 
of A. aegypti. Shannon and Putnam (193^) reported that over¬ 
crowding produces greater mortality and delayed pupation. At 
a density of 100 larvae/liter, pupation occurred in 5-7 days 
with 5 o/o mortality. With 400, 1000, and 4000 larvae/liter, 
pupation times were 5-10. 7-16, and 10-66 days respectively; 
mortalit}'- was 15. 20 and 40 o/o. Vasquez (1966) found that 
densities greater than 1 larva/.75 ml, adversely affected 
pupation. Morlan et al. (1963) found that in mass rearing, 
1.4 larvae/ml and 1.4 larvae/cm^ surface area yielded "favorable 
pupation". Although no one has recorded specific data on the 
effects of undercrowding, Christophers (I960) suggests that low 
larval densities may delay pupation and result in smaller indi¬ 
viduals. Work by Peters and Chevone (1966) seems to indicate 
that a density of 1 larva/7-15 ml and 10 larvae/universe is 
highly favorable, but we have not adequately confirmed these 
data. 
Light apparently has little or no effect on larval develop¬ 
ment as stated by Jobling (1937). Vasquez (1966), however, found 
that larvae reared in complete darkness developed faster than larvae 
subjected to either 8 hours light or constant light. Temperature 
differences probably account for these results. 
pH produces little or no effect on the larva. Senior White 
(1926) found A. aegypti larvae in natural waters varying in pH from 
5.8 to 8.6. Rudolf and Lackey (1929) found that pH had little effect. 
Woodhill (1942) reported that time of development to pupation was 
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only slightly longer at pHs of 3»6-4.2 and 9.2-9.5 than at 
6.8-7.2. 
The effects of chemicals have been studied widely in 
larvicidal investigations with the effects upon larval mortality 
and not development stressed. Since a discussion of this appears 
extraneous here, the reader is referred to Christophers (I960) 
for further information. 
Internal Anatomy and Physiology 
This discussion concerns only those tissues and organs 
affected by the dye, as indicated in the histological section 
of the results. The structures affected are the midgut and 
gastric caecae, imaginal buds, fat body, muscles, supraoeso- 
phageal ganglion, pericardial cells, oenocytes and plasmocytes 
of the haemolymph. An extensive discussion of the internal 
anatomy is presented by Christophers (I960) and the larval 
physiology by Clements (1963) 
Internal Anatomy 
The following is a summary of Christophers’ (i960) des¬ 
cription of those structures in A. aegypti larvae affected by 
the dye. The gastric caecae arise from the midgut immediately 
posterior to the proventriculus. They are eight in number, 
lined with very large, flattened cells, with granular cyto¬ 
plasm. The midgut extends back from the caecal origins as a 
cylindrical tube to the fifth abdominal segment. A sharp 
boundary between the anterior and posterior stomach is present 
due to differences in the structure of the cells which line 
the midgut. The cells of the anterior portion have clear cyto- 
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plasm and appear cuboidal or rectangular and of fairly uniform 
depth (Fig. 3s.). The cells of the posterior region have a 
granular cytoplasm and are of less regular shape, projecting 
freely into the lumen (Fig. 3b), with a striated border that 
is thicker and more conspicious than in the anterior cells. 
The perit.rophie membrane lies internal to the midgut epithelium 
and a space usually exsists between the membrane and the gut 
wall. 
The larval musculature is generally similar to the basic 
insect plan. The muscles are more numerous than in the adult 
and occur mostly in narrow bands. The primary characteristics 
are: somewhat indistinct striations, and a bulky sareolemma 
surrounding the narrow bands of muscle tissue. 
The larval brain lies dorsally against the posterior margin 
of the head capsule. Two masses, the cerebral lobes, project 
latera3.1y from the base of the head. A cerebral commisure con¬ 
nects these lobes. An outer cellular cortical layer and an 
inner medullary portion of nerve branchings from the supra- 
oesophageal ganglion. The cortical layer consists of small 
cells with deep staining nuclei and scanty cytoplasm. Christophers 
(I960) gives a detailed account of the nerves and connectives 
radiating from the central mass and discusses the subdivisions 
and nerve tracts within the brain proper. 
The haemolymph is a colorless fluid containing cellular 
elements, the haemoeytes. The plasmocyt.es, micro-and macro- 
nucleocytes, are of major concern here. They are about 30 
microns in diameter with a nuclear size concomitant with their 
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name. The nuclei are dense and the cytoplasm is highly granular. 
Oenocytes are globular or polygonal cells with large central 
nuclei. They occur in two forms, large and small. The small 
oenocytes, 20 u in diameter, typically adhere to the ventral 
parietal fat body in segments 2-3. Large oenocytes, 50-6 0 u in 
diameter, are arranged in conspicuous groups of 5*~6 cells on each 
side of abdominal segments 1-8, lying in pockets of the lateral 
parietal fat body. 
The pericardial cells lie externally on the heart wall 
laterally and somewhat ventrally. They occur in four pairs of 
small cells in each abdominal segment II-VII and as two large 
cells in abdominal segment I. The cells are large, 40 u long by 
20 u wide, and multinucleate. They have a dense cortical outer 
zone of cytoplasm and a finely granular inner zone, ujmally filled 
with vacuoles and inclusions. 
The fat body, as described by Wigglesworth (1965), is a 
distinct, variously formed structure consisting of two, regions, 
a thin, nearly unicellular layer just beneath the hypcdermis and 
a visceral layer composed of lobes lying between the internal 
organs. The storage cells, the trophocytes, are fairly uniform 
in character and the cytoplasm is normally swollen with oil droplets 
and watery vacuoles. In the late 1V instar, these cells become so 
distended that the cell membranes are virtually indistinguishable. 
Three other types of cells are present in the fat body (Kilby, I.963): 
urate cells, chromatocytes, and mycetocytes. The urate cells contain 
crystals of uric acid; the chromatocytes, pigments; and the mycetocytes. 
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bacteria which may produce some of the essential 3 vitamins. 
The imaginal buds began to appear in the II instar and 
in the IV instar each thoracic segment contains a dorsal and 
ventral bud (Christophers, i960). The dorsal, prothoracic buds 
become associated with the imaginal tracheal trunks, the meso- 
and metathoracic buds are the wings and halteres. The ventral 
buds are the legs. The buds appear as oval structures projecting 
from the lateral margins of the thorax. The epidermal columnar 
cells forming them have a clear cytoplasm and are of uniform 
appearance. 
Physiology 
Fat Body 
Physiologists have begun intensive study of the insect 
fat body only recently. This tissue is discussed first because 
of its importance in the general physiological balance of the 
insect. Kilbv (1963) and Gilmour (1961,1965) review the rapidly 
accumulating literature and the following is a resume of their 
reviews. This discussion does not relate to A.' aegypti larvae 
specifically, but rather to the insect fat body in general. 
Besides the function of storage, the fat body is probably 
the major site of intermediary metabolism in the insect. Many 
of the interconversions of organic compounds in ceils concern 
processes other than those associated with the release and ex~ 
penditure of energy. These processes, dealing with the formation 
of special secretions and the synthesis and breakdown of cellular 
constituents, many of which are being destroyed and renewed 
continually, collectively fall under the heading of intermediary 
metabolism. 
The cells of the fat body are of mesodermal origin and as 
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mentioned above, are arranged in lobes or sheets, forming two 
portions; a peripheral layer attached to the overlying epidermis, 
and a more central portion around the gut. The sheet-like 
structure exposes a maximum of surface area to the blood. The 
organ is well suited for rapid exchange of metabolites and for 
oxidative processes, facilitated by a finely branching trachole 
system which penetrates it. The trophocytes, cells of storage 
and intermediary metabolism, increase in size with feeding and 
become filled with reserves of fat, protein, and glycogen. 
Wigglesworth (19^2) studied the depletion and replacement 
of these reserves when various foods were supplied, in the larvae 
of A. aegypti. A plentiful supply of fat, protein and glycogen 
is present in the newly emerged IV instar. During starvation, 
the larva uses these reserves concurrently; in 10-15 days glycogen 
and fat are nearly undectable. 
A starch diet resulted in accumulation of glycogen; fat 
appeared in the oenocytes but no protein vjas stored. .. Sugars, 
in order of ability to replace lost glycogen reserves were 
glucose, fructose, sucrose, and maltose; glucose yielded glycogen 
in 6 hours, abundant deposits being formed in 12 hours. Galactose 
feeding caused appearance of glycogen in midgut cells in 12 hours, 
but none in the fat body. Mannose, trehalose, methyl-d-glucoside, 
mannitol and lactose gave similar results. The sugars sorbose, 
arabinose and raffinose gave no glycogen. 
Casein, alanine and glutamic acid yielded fat body glycogen. 
Olive oil gave fat deposits but no glycogen. A diet of fat and 
vitamin free casein caused protein to reappear in the fat body 
cells and oenocytes in 24 hours. Feeding alanine alone caused 
glycogen to reaccumulate and "when glutamic acid supplemented this 
amino acid the return of fat deposits followed glycogen reappear¬ 
ance. The fat body, therefore, can readily synthesize glycogen 
from the more common sugars and glucogenic amino acids, but not 
from fat. 
Biosynthesis of Glycogen 
It appears that both the phosphorylase and UDP3 routes for 
glycogen synthesis are operative in the insect fat body. The 
carbohydrate component of insect blood is the non-reducing 
disaccharide trehalose,0*^ -d-gulcopyransyl,*5*^ -d-gluco pyranoside. 
Heating with dilute acid hydrolyzes trehalose by splitting the 
«=^bond so that one molecule gives rise to two molecules of 
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glucose. The midgut rapidly absorbs C ' -glucose and almost 
completely converts it into trehalose. Absorption occurs by a 
diffusion pi'ocess across the gut wall since in vitro studies with 
inhibitors of active transport systems, cyanide and idoacetate, 
show no change in the rate of glucose passage through the gut wall. 
A cell free extract of the fat body of Schlstocerca with ATP 
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and UDPG (uridine diphosphate glucose) added, converted C -glucose 
to C^-trehalose by the following reactions: 
Main Pathway UDPG Regeneration 
Trehalose -|- Phosphate ATP 
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The following enzymes catalyze the reactions: 
a-hexokinase 
b-phosphotrehalose uridine diphosphate transglucosidase 
c-trehaio s e~6-pho s phatas e 
d~nucleoside diphosphokinase 
e-UDFG pyrophosphorylase 
f-phosphoglucomutase 
The fat body also absorbs mannose and fructose and 
converts these sugars into trehalose. 
The Embden-Myerhoff pathway of glycolysis is also operative 
in the fat body as demonstrated by the isolation of many enzymes 
of the system from the fat body of different insects. The enzymes 
and the insects from which they were isolated are: 
a. phosphorylase-silkworm larva 
b. phosphoglucomutase-silkworm larva 
c. hexokinase-silkworm larvae 
d. glyceraldehyde-5""phosphate dehydrogenase and 
enolase-Locusta 
e. glycerophosphate and lactate dehydrogenase-Locusta. 
Finally, all the. enzymes of the Kreb’s tricarboxcylic acid 
cycle are present in the fat body. 
Lipid Metabolism 
Very little is known of the metabolism of insect fats. 
The midgut absorbs fats and releases them into the blood probably 
as free fatty acids and glycerides. The fat body of the migratory 
locust has been shoim to absorb free fatty acids from the blood, 
converting them to glycerides, and likewise releasing glycerides 
l6 
into the blood. The released glycerides are mostly in lipoprotein 
form. 
McShan and Zebe (1959) have demonstrated the in vitro 
14 incorporation of C -acetate into long chain fatty acids by 
the fat body of Prodenia in a system -which required malonate. 
Coenzyme A, ATP and glutathione or cystein. The major product 
of synthesis was palmitic acid. Lipase activity capable of 
splitting ester linkages of fatty acids with glycerol also 
has been demonstrated in the insect fat body. 
The fatty acids and glycerides appear to have no metabolic 
function; exsisting only as energy and carbon stores. The 
metabolically active fats are the compound lipids, combinations 
of fatty acids with other materials, such as glycerol, nitrogenous 
bases, carbohydrates, amino acids, phosphate and sulfur. 
Amino Acid Metabolism 
Amino acids function to support growth and the unperfected 
technique of growing larvae on chemically defined media together 
with the deletion Drocedure has shown 10 amino acids essential 
for insect growth: argenine, iosleucine, histadine, leucine, 
lysine, phenylalanine, threonine, tryptophan, methionine, and 
valine. A. aegypti larvae, in addition, need glycine and cystein. 
Preliminary steps in intermediary metabolism of amino acids - 
occur by either deamination or transamination. Deamination, 
which has been shown to occur in the midgut wall, is catalyzed 
by a deaminase which cleaves the<*C-amino group from the amino 
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acid molecule. The resulting keto acid may act as an acceptor 
for the transfer of amino groups from other amino acids, serve 
as a substrate for fat and carbohydrate synthesis, or join the 
main channel of oxidative metabolism via the tricarboxcylic acid 
cycle. 
Transaminations, the transfer of amino groups from amino 
acids to keto acids without intermediate ammonia formation, are 
common reactions in insects. The most active reactions of this 
process involve glutamate, aspartate, and alanine with their 
corresponding keto acids. Pyridoxal phosphate is used as a 
coenzyme with amino acid oxidases catalyzing the reactions. 
The major part of the transamination process takes place in the 
fat body. 
In summary, the fat body has two known functions, storage 
and intermediary metabolism. Since the main purpose of the 
larvae of holometabolous forms is the accumulation of an adequate 
supply of substrates required for histogenesis of the adult form, 
the greater part of the mature larvae may therefore consist of a 
large fat body filled with nutrient materials, especially fats, 
glycogen and protein. 
Various types of metabolic activity are operative in the 
fat body. A good deal of interconversions are possible with the 
enzymes present. Incubation of the fat body with labelled amino 
acids, acetate or glucose gave rise to labelled trehalose, glycogen, 
fat and protein. The tissue also serves as the site for the 
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biosynthesis of such compounds as blood trehalose and blood 
globulin which are liberated into the blood. "Detoxification" 
reactions also can occur in the fat body. 
The composition of insect blood can vary between much wider 
limits than in mammals, but tissues like the fat body, Malpighian 
tubes, anal papillae, etc, regulate homeostasis. The level of 
blood glucose is relatively stable, the fat body preventing a 
big rise after absorption from the gut by the rapid conversion 
of glucose into trehalose or glycogen. The fat body also prevents 
a sharp drop in blood trehalose concentration during periods of 
rapid utilization by the synthesis and release of trehalose. 
Physiological factors which regulate metabolic activity 
of the fat body are still speculative although it appears clear 
that hormonal activity is involved. The fat body responds rapidly 
to stimulation by the moulting hormone<=<^-ecdysone (Wigglesworth,1959). 
Adequate evidence has now accumulated which shows the fat 
body is one of the major sites for intermediary metabolism in 
the insect. This organ regulates the synthesis of all the more 
important substrates necessary for growth, development and normal 
physiological balance of the insect. 
The Midgut and Gastric Caecae 
The gut functions in the intake, digestion and absorption 
of food, materials and the elimination of waste products. The 
midgut and gastric caecae, the only portions of the alimentary 
canal not of ectodermal origin, are the sites of digestion and 
absorption. The midgut lacks a protective chitinous layer and 
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instead, a peritrophic membrane, having the same composition 
as the inner layers of cuticle (a basis of chitin, with protein 
incorporated in it) is present. In mosquito larvae, as in most 
Diptera, this membrane is a continuous tube secreted by a ring of 
cells lying at the anterior end of the midgut. 
The peritrophic membrane protects the midgut, epithelium 
from damage by sharp food particles. It might also serve as 
an ultra filter, as suggested by a number of experiments with 
dyes and colloidal metal substances. Wigglesworth (1939,1933) 
found that large protein molecules, hemoglobin, 2-4 urn, and the 
dyes Tryphan Blue and Ammonium Carmine, could readily penetrate 
the membrane in Aedes larvae. Shipitsina (1930»1935) showed that 
starch, 4 urn, could penetrate the membrane, but the membrane 
retained colloidal particles of silver, 20 urn, and gold, 26-31 urn, 
and these substances concentrated within the lumen in Anopheles 
larvae. It appears that the maximum diameter of molecules permeable 
to the peritrophic membrane in mosquito larvae is approximately 
20 urn. Host of the digestive enzymes and digested food products 
are under 3 urn and can easily penetrate the membrane, but the 
larger particles fail to do so, building up in the gut lumen and 
eventually being excreted. 
A number of digestive enzymes are present in the insect 
midgut; some of the more important ones are thec-Cand ^ 
glucosidases and galactosidases, lipases acting on unsaturated 
fats, triglycerides and fatty acids, and proteases acting on 
proteins. Gilmour (1961, 1965) gives the structural formulae, 
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active sites, and substrates and products of many of the enzymes 
now known in insects. He also presents the current concept of 
enzyme activity: enzymes do not act on specific substrates, but 
on specific linkages of closely related substrates. 
Wigglesworth (19^2) has demonstrated localized absorption 
of digested nutrient materials by the midgut of A. aegypti larvae. 
He believes that carbohydrates are always broken down into their 
component monosaccharides before absorption. Starved mosquito 
larvae fed fructose, glucose or starch showed massive deposits 
of glycogen within 6 hours in the cells of the posterior half of 
the midgut, indicating this to be the major site of absorption. 
Later glycogen also appeared in some cells of the caecae. 
Wigglesworth (19^2) showed that cells of the anterior 
half of the midgut and some caecal cells in Aedes larvae absorb 
fat. Sanford (1918) suggested that cockroaches can absorb fats 
without degradation. He fed roaches food containing olive oil 
and the fat stain, Nile Blue Sulfate. Later, epithelial cells 
in frozen sections of the crop showed stained fat globules. How¬ 
ever, Lindsay (19^0) demonstrated that the midgut cells of 
Ctenolepisma absorbed Sudan III, another fat stain, when this 
insect fed on the dye and ground wheat. Lindsay’s work questions 
the supposition of Sanford that these dyes can penetrate the 
epithelium only while in solution in the unchanged olive oil. 
Furthermore, in Sanford's work, nile blue-stained fat in the 
crop lumen turned red because lipase activity degraded the fat 
to fatty acids. Abbott (1926) however, ligatured the anterior 
end of the midgut in a cockroach before feeding, preventing 
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lipases from entering the crop, and fat still appeared in the crop 
epithelial cells. Lipases appear to act on most fats before they 
are absorbed (Roeder, 1953). 
Little is known of protein or amino acid absorption by the 
raidgut of insects, but since proteolytic enzymes are present, it 
seems that breakdown of these substances occurs before absorption. 
Starved Aedes larvae, fed casein, showed greater protein content 
in cells of the posterior raidgut then prior to feeding. Glycogen 
also appeared in these cells and cells of the caecae. After 24 
hours of alanine or glutamic acid feeding, glycogen appeared in 
the posterior raidgut cells (Wigg1esworth, 1942). From this limited 
information, protein and amino acid absorption seems to be localized 
primarily in cells of the posterior midgut with some absorption 
occurring in the caecal cells. 
Experiments with dyes have shown that the midgut epithelium 
of A. aegypti larvae absorb both Tryphan Blue and Ammonium Carmine 
(Vligglesworth, 1942). Hoi-jever, as Roeder (1953) states, in view 
of the localized absorption of many other materials within the gut, 
it is surprising that so few records of selective dye uptake by 
particular regions exists. 
The midgut cells also function in intermediary metabolism, 
Although the fat body is the main site of glycogen storage and 
synthesis, there is evidence that synthesis also occurs in the 
midgut. Wigglesworth (1942) showed that in starved Aedes larvae, 
glycogen deposits appear first in the posterior midgut epithelium 
and then later in the fat body. Gilmour (196l) reports that 
deaminases are present in the midgut cells of insects and that 
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these cells excrete ammonia produced by deamination of amino 
acids. Wigglesworth (19^2) showed that the midgut can convert 
these deaminated amino acids into glycogen, since starved 
A. aegypti larvae fed alanine or glutamic acid showed glycogen 
deposits in the cells of the posterior midgut. 
Oenocytes, Hemoeytes and Nephrocytes 
Oenocytes are known on?Ly in insects and are of ectodermal 
origin, arising from segmental groups of cells often arranged 
around the spiracles. The function of these cells is not precisely 
known, most authors agreeing that the oenocytes are organs of 
intermediary metabolism discharging their secretions into the 
blood (Wigglesworth, 1965). Glycogen, protein and fat have been 
demonstrated in these cells. In old insects they may accumulate 
pigments and absorb dyes injected into the blood. Poisson (192*0 
thought they generally regulate the physico-chemical composition 
of the blood. 
The oenocytes also seem to function in some aspect in moulting. 
In the silkworm larva, they are the first cells to show activity 
during the moulting cycle. In Rhodinus the secretory change in 
the oenocytes is greatest just prior to the formation of the new 
epicuticle. It appears that the oenocytes are epidermal cells 
specialized for the production of lipoproteins forming the cuticulin 
layer. The oenocytes pass lipoproteins to the epidermal cells proper. 
The epidermal cells transfer these lipoproteinaceous substances to 
their outer surface to form the epicuticle (Wigg1esworth, 1965). 
Hemoeytes include a group of cells found freely suspended in 
the hemolymph or attached to various organs. They originate during 
embryonic development from the mesoderm (Roeder, 1953)* or in certain 
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cases arise from the ectoderm (Jackson, 1940). The classification 
of the types range in numbers from a single type in the honeybee 
to ten classes with thirty-two types in the southern army worm 
(Yeager, 1945). 
Most authors recognize small reproductive forms,- the 
proleucocytes, with deeply staining nuclei, showing active 
mitosis. They are about 10 microns in diameter with a nucleus 
6 microns. Macro- and micronucleocytes are types of hemocytes 
derived from the proleucocytes. In A. aegypti larvae the most 
common type appears to be the proleucocytes (Christophers, 19-0)r 
The hemocytes posess a number of functions including 
phagocytosis, micro-organism resistance, wound healing, connective 
tissue formation and intermediary metabolism. Fnagocytosis, the 
ingestion of small solid particles, is the most apparent activity 
of these cells and various authors have demonstrated the uptake 
of injected particles of India ink, carmine, dead bacilli or 
his to lysing tissues during moulting (Wigglesworth, 196-5). Wiggle sworth 
believes that some of the most important functions of the hemocytes 
may be in intermediary metabolism. They may operate in the pro¬ 
duction of blood proteins and the transfer of nutrients: blood cells 
in Prodinia may contain glycogen and cells in Ephestia have been 
demonstrated carrying fat. Dennell (1947) using C ^-tyrosine in¬ 
jected into the larva of D. melanogaster has shown that the hemocytes 
concentrate this substance in inclusions in the cells. He concluded 
that the hemocytes metabolize tyrosine which leads to the production 
of polyphenolic substances necessary for the melanization of the 
cuticle. 
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The pericardial cells, or dorsal nephrocytes, appear to 
have an excretory function. Jones (1954) showed that in mosquito 
larvae these cells concentrated ammonia carmine particles, and 
these granules remained in the nephrocytes throughout life. 
Clements (1956) found that C. plpiens accumulated bile pigments 
in these cells. Bile pigments built up in the larval fat body, 
and the nephrocytes concentrated these substance?? when the fat 
body released its contents on the first day of adult life. 
In conclusion, most of the organs and tissues in A. aegypti 
larvae affected by the dye, Nile Blue Sulfate, play an important 
role in the physiological balance of the insect. Absorption of 
nutrient materials, interconversion, breakdown, resynthesis and 
storage of substances and elimination of waste products or foreign 
materials are primary processes which affect the growth and develop¬ 
ment of the larvae. 
Oxygen Consumption as Determined by Constant Volume 
Respirometry 
Cellular respiration is the aerobic oxidation of cellular 
nutrients in the presence of atmospheric oxygen which liberates 
energy and gives off carbon dioxide. The volume of oxygen con¬ 
sumed (at standard pressure and temperature) per unit weight of 
the organism per unit time measures the oxygen consumption of an 
organism and is referred to as the Qo2 or rate of respiration. 
The Q02 gives the relative rate of oxidative metabolism of an 
organism and is valuable in determining the effect of substances 
(enzymes, poisons, nutrient materials, etc.) upon the energy 
processes of an animal. For small individuals, the measurements 
are in microliters (ul) or mnP per milligram (wet or dry weight) 
per hour. 
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Many methods are available for Qq£ measurements. The 
technique used in this work is simple in principle and briefly 
but concisely described by Giese (i960)* The operating principle 
is the measurement of air pressure loss in a closed, constant 
volume system due to the organism’s consumption of oxygen and 
the absorption of liberated CO2 upon oxidation of nutrients. 
The rate of respiration varies widely among organisms, 
and in the same organism under different conditions. Generally, 
smaller organisms have higher Qq2 values and temperature and 
activity increases the oxygen consumption (Giese, i960). In 
insects, the general trend is for the adult forms to have higher 
resipratory rates than the immature forms (Wigglesworth, 1965). 
Information on the oxygen consumption of A. aegypti larvae 
is limited. The only reference obtainable was Christophers (i960) 
who gives the mean (%> uptake of full-grown female larvae as 1079 mm 
per gram (wet weight) per hour. His observation times varied from 
15-26 minutes and the number of larvae per replicate from 2-10. 
Sen (1915) found that O2 consumption of the full grown larvae of 
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Culex mlcroannulatus, a small mosquito, to be 1.1 mm per larva 
per hour. Oxygen consumption of adult mosquitoes of various 
species is well documented, but the information is irrelevant 
here (see Christophers, I960, for references). 
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The Vital Dye, Nile Blue Sulfate (A) 
Lorraine-Smith, 1908, first proposed the use of the 
vital dye, Nile Blue Sulfate (A), as a differential fat stain 
for histological studies. Since then, several workers have pub¬ 
lished controversial reports describing the selectivity of the 
stain and the physico-chemical reactions involved in the staining 
process (Lison, 1935; Cain, 194?; Lennert, 1955; and Lillie, 1956). 
Barka and Anderson (1963) and Debuch and Clara (1965) review the 
literature and present the currently accepted view of the properties 
of the dye. 
The chemical derivation and configuration as given by Debuch 
and Clara (1965) is as follows. The sulfate salt, Nile Blue A 
(7-diethylaminopheno-2-amino-napth-azoxonium~sulfate) has a molec¬ 
ular weight of 732.83 and is a derivative of phenoxazine. A diamino 
phenoxazine is an intermediary product having three resonate hybrids. 
/V ° _/\ 
phenoxazine 
from which either Nile Red, an oxazone derivative, or Nile Blue A, 
an oxazine derivative, is formed. The addition to diamino phenoxazine 
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of two ethyl groups and a phenyl group attached by a napthyl 
linkage forms Nile Blue Sulfate. The replacement of the 2-amino 
H5C2 
h5c2 
N — O ^ nh2 
V 
V, so4 
or 
HSCV 
Nile Blue Sulfate (A) (oxazine form) 
group with an oxygen yields Nile Red (7-diethylaminopheno-napth 
oxazone 2). This replacement is a partial oxidation of oxazine 
to oxazone and this reaction occurs readily by boiling a Nile 
Blue Sulfate solution with dilute sulfuric acid. Thorpe (190? 
V" 
Nile Red (oxazone form) 
found that similar compounds form with other phenonapth oxazines 
by substitution of the 2-amino group with -NHR or NR£ groups, but 
in these reactions, the oxidation to the oxazone form does not pro¬ 
ceed readily. 
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Three dye complexes, two red and one blue, form when Nile 
Blue A is in aqueous solution. The first of these is the sulfate 
salt, oxazine sulfate, and is dark blue in color (Lorraine-Smith,1908). 
Liscn (1935) and Cain (19^7) showed that shaking with toluene, xylol, 
or other similar solvents readily extracted a red substance from a 
1 $> or stronger aqueous solution of the dye. However, they could ex¬ 
tract no substance from the solid dye when they placed it in these 
solvents. Therefore they concluded that the red substance must be 
the free base of the oxazine sulfate, and being a weak base, it formed 
salts that were insoluble in toluene but hydrolysed instantly by 
water. Thorpe (1.907) showed that another red component was present, 
Nile Red, the oxazone form. Since the free oxazine form is a weak 
base and the partial oxidation of the oxazine form occurs only very 
slightly in air (Lillie, 1956)* the blue component is the predominant 
substance 5n aqueous solutions. Oxazone may be increased by boiling 
with dilute sulfuric acid as mentioned previously. 
The staining process of the dye involves physcio-chemical 
reactions which Lorraine-Smith (1908) first described, Lison (1935) 
and Cain (19^-7) partially refuted or overlooked these reactions and 
Lillie (1956) questioned them because they did not adequately explain 
color changes occurring with changing pH. Lillie (1956), conducting 
extensive tests, confirmed and elaborated upon Lorraine-Smith*s ex¬ 
planation of the staining reactions. The physical process is that 
which occurs with most lipid stains. This process depends upon the 
lipid solubility of the fat stain and staining is due to the presence 
of the dye within the lipid substance. The partition of the dye between 
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the solvent and the lipid substances determines the staining effect. 
The red staining of neutral lipids by Nile Red operates on this oil 
solubility characteristic. Lorraine-Smith (1908) postulated that 
the staining of fatty acids resulted from the formation of a blue 
fatty acid dye salt, but this failed to explain color changes at 
low pHs. Lillie (1956) showed that fatty acid staining involved 
two processes. The first is the oil solubility phenomenon in which 
the indicator properties of the dye determine the deep blue color 
and explains the color change at low pHs. This reaction occurs very 
rapidly in highly dilute aqueous solutions of Nile Blue A at pH levels 
down to 0.85. However, acetone or alcohol readily extract this deep 
blue color. The second process is the salt formation reaction 
Lorraine-Smith described. This process requires stronger dye solu¬ 
tions or longer time intervals and is not effective at a pH below 
3.0. It is acetone and alcohol resistant, suggesting that carboxcylic 
acids are the reactive groups forming the tissue dye complexes. Lillie 
(1956) also demonstrated that methylation inhibited Nile Blue A staining. 
'The prevention of staining with basic dyes by methylation is consistent 
with a carboxcylic acid reaction. 
A solution of Nile Blue Sulfate may be regarded as a lipid stain 
and a basic dye. Barka and Anderson (1963) and Cain (19^7) list the 
reactions which occur when Nile Blue A stains sections of a specimen. 
They are: 
1. Substances in the solid state do not stain in 
any way with aqueous solutions of Nile Blue Sulfate. 
2. Triglycerides, in the liquid state or dissolved in 
other triglycerides or hydrocarbons, stain red by the 
oxasone, or pale pink by the free oxazine base. 
3. 
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Fatty acids, if liquid, stain blue -with solutions 
of oxazine or dilute Nile Blue A solutions. With 
strong solutions of Nile Blue A, they stain only very 
lightly. 
4. Lecithin and other phospholipids stain deep blue. 
In summary, neutral lipids, triglycerides, cholesterol 
esters, steroids and some higher alcohols, when in the liquid 
state, stain red or pale pink with dilute solutions of Nile 
31ue A. Acidic lipids, fatty acids, chromolipids, and phos¬ 
pholipids, when liquid, stain blue. 
A major dissention among workers concerns the substrate 
specificity of the dye, since occasionally, simultaneous 
staining of lipids, proteins, and carbohydrates occurs. Cain 
(194?) found it impossible to distinguish between Nile 31ue A 
staining of proteins and fatty acids. Lison (1935) regarded 
the coloration of fatty acids as unspecific and as of the same 
nature as the staining obtained from other basic dyes. Barka 
and Anderson (19&3) summarize the situation stating that further 
Investigation is necessary before the specificity of the staining 
method can be undisputedly defined. 
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MATERIALS, METHODS AND RESULTS 
Culture Rearing Techniques 
The source of the experimental animals was a culture of 
Aedes aegypti obtained from Rutgers University 6 months prior 
to experimentation. The adults were contained in a cage 32" x 
18” x 23", glass enclosed except for a plywood bottom, one 
screened side and the entrance. The culture was maintained 
in an environmentally controlled room. A thermoregulated 
space heater maintained the temperature at 27 + 2.0°C. Two 
evaporating pans each containing two I8”x4" cylinders of 
screen encased in sheet cotton held the humidity at 60 + 15 o/o. 
A Tork, single pole, single throw timing motor, Model 7100, 
controlled the 15 hour light-9 hour dark periods. 
Adult food was a 10 o/o sucrose solution dispensed by 
an inverted 250 ml polyethylene bottle plugged with cotton. 
Hamsters or Coturnix quail furnished blood meals. The ham¬ 
sters were restrained during the blood meal by a l/8M- wire 
mesh cylinder 1 l/2" in diameter and 6 1 /2” long. The quail 
were tied to a board and their wings taped when in the cage. 
Blood meals were administered during the photophase every 4-5 
days for 1-2 hours. 
Eggs, deposited on a cone of wet filter paper, matured 
for one day in the chamber and then were stored in a dessicator 
at about 75 o/o R. H. (maintained by a supersaturated NaCl solution) 
and at 26.5°C. Each cone was dated and only eggs less than eight 
weeks old were used for experimentation. Eight week old eggs were 
deemed suitable for experimental purposes because of the report by 
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Christophers (i960) that at 25° C and 70 o/o R. H. v eggs up to 100 
days old gave no serious loss of viability. 
All eggs were vacuum hatched (Barr and Al-Azawi, 1956) at 
20 psi with a Gast vacuum pump. Model 0406-V2-154, for 15 minutes 
yielding larvae of uniform age. The larvae developed in white 
porcelin pans, 9" x 12” x 4 l/2M, in two liters of distilled 
water at densities of 300-400 per pan. The larvae were placed 
in the culture room at 26.5 + 1,0°C water temperature. Air, 
bubbled continuously through each pan, prevented surface scum 
formation. 
The larvae fed on a mixture (no specific daily amounts) 
of dried BrewerTs yeast and ground dog chow (Gaines Meal). 
Pupation occurred in 5-6 days with a larval mortality of 5**6 o/o. 
The pupae were separated by hand, placed in petri dishes (200-250 
per dish) with 100 ml of distilled water, and introduced into the 
adult cage. Adults emerged in 1-2 days and first blood fed 2~3 
days later. Oviposition began 2-3 days after the blood, meal. 
Experimental Rearing Techniques. 
Experimental rearing conditions were similar to the culture 
rearing techniques and standard for all tests. After the eggs 
were vacuum hatched at 20 psi for 15 minutes, 50 larvae per dish 
were placed in petri dishes, 110 mm 0. D. by 20 mm deep, containing 
100 ml of distilled water. Food, consisting solely of dried Brewer1s 
yeast, was volumetrically added on a per milliliter basis since in 
previous work, Peters and Chevone (1966) had determined that variation 
in food/volume could greatly affect the length of larval development. 
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Standard amounts in rag/ml/day were as follows: 0.5 mg for I and II 
instars (days 1-2). 1.0 mg for III Instars (day 3) and 1.5 wg for 
IV instars (days 4-6). On a per larva basis, this amounted to 1.0 
mg/larva/day for I and II instars, 2.0 mg/larva/day for III 
instars and 3.0 mg/larva/day for IV instars. The larvae developed 
in the culture room at a water temperature of 26.5 + 0.86°C. 
A standard solution of 0.1 o/o Nile Blue Sulfate (A) 
(Harleco, C. I. No. 51180, 2nd Edition, 83 o/o pure dye content) 
was prepared by dissolving 0.1205 grams of dye in 100 ml of dis¬ 
tilled water. This standard was pipetted into the test petri dishes 
as required to give the desired concentrations. The water was 
changed daily in extended experiments to prevent dye concentration 
resulting from water evaporation. 
Peters and Chevone (1968) had shoim that dried Brewer’s 
yeast aided dye deposition in the larval tissues. Spectro- 
photometric results shewed that yeast, when added to dye solu- 
* 
tions, absorbed the dye. The dye entered the midgut "of the larvae 
fed stained yeast and subsequently the dye stained the body tissues. 
Larvae placed in dye solutions without yeast showed very slight 
staining in 24 hours, whereas w^th yeast present, intense staining 
occurred in 6 hours. Consequently, all studies employed the use of 
the dye and yeast simultaneously. 
Dye Effects Upon Length of Larval Development 
An important criterion of a marking agent for mark, release 
and recapture studies in that it does not adversely affect the 
physiology or behavior of the organisms marked (see pg. 1-2). 
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Peters and Chevone (1966) had shown that concentrations of Nile 
Blue Sulfate greater than 10.0 ppm inhibited larval development. 
Therefore tests were conducted to determine if concentrations 
less than 10,0 ppm would adequately stain larvae without sig¬ 
nificantly affecting developmental rate. 
A preliminary experiment was designed to give the general 
effects of low dye concentrations on larval development. Con¬ 
centrations of 0.25, 0.50, 0.?5, 1.00, 2.50, 5.00, 7.50 and 10.00 
ppm were tested against a control. The lower dye concentrations 
(less than 1.00 ppm) were stressed since these would most probably 
minimize dye effects upon larval growth. 
Larvae, from eggs vacuum hatched at 20 psi, were not immediately 
placed in the dye solutions. The larvae developed under standard 
conditions in enamel pans until 10 hours old, since it was felt 
that the higher dye concentrations, 5.0, 7.5» and 10.0 ppm, might 
kill the newly hatched larvae before any measurable development 
occurred. Fifty 10 hour old larvae Tfjere placed in each petri dish 
in 100 ml of distilled water and the dye from the 0.1 0/0 stock 
solution was added. Three replicates of each treatment (except 
the 10.0 ppm treatment which had only 2 replicates) were run. 
Larvae were fed standard amounts of dried Brewer’s yeast and were 
reared in the culture room. All treatments were changed daily to 
minimize dye concentration and bacterial scum formation. 
pH readings of the various dye solutions were taken using 
a Beckman Zeromatic pH meter. Model 96, to determine if the pH 
exceeded the limits of those in nature (5.8-8.6, Senior-White, 
1926, Rudolfs and Lackey, 1929). The sensing element was immersed 
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in each solution for 2 minutes before readings were recorded 
and three readings on each solution were taken. Table I gives 
the mean pH values of each solution tested. These readings are 
in accordance with observations of Cain (1947) and Lillie (1956) 
who showed that Nile Blue Sulfate is a weak base. 
Table I 
pH of Nile Blue Sulfate Solutions 
ppm of dye pH 
0.00 6.99 
0.25 7.20 
0.50 7.03 
0.75 7.01 
1.00 6.93 
2.50 6.6i 
5.00 6.31 
7.50 6.15 
10.00 5.91 
and therefore in dilute solutions, the free oxazine base is 
more abundant than in stronger solutions. 
Time of pupation was the criterion used to measure the 
effect of the dye upon length of larval development. After 
the appearance of the first pupa, in the control or otherwise, 
observations on the number of larvae pupating were recorded 
approximately every 24 hours. Table II presents these pupation 
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rates. Pupation in the controls began at 144 hours after hatch, 
approximately 20 hours longer than normally occurred in the culture. 
A short circuit in the thermoregulator controlling the space heater 
accounted for the increase in length of development. Temperature 
Table II 
Preliminary Experiment—Pupation rates of Aedes aegypti 
(L.) reared in Nile Blue Sulfate solutions. 
ppm of Rep Hours after initial pupation in Total 
dye any treatment 
r». —- 
1 25 48 74 107 122 145 167 
1 1 47 2 50 
0.00 2 44 1 45 
3 1 46 2 49 
1 1 44 4 49 
0.2 5 2 40 4 2 46 
3 38 4 1 43 
1 47 1 1 49 
0.50 2 44 4 48 
3 2 45 1 1 49 
1 46 2 48 
0.75 2 46 1 '■ 47 
3 1 43 4 48 
1 2 45 1 1 49 
1.00 2 39 4 43 
3 2 41 3 46 
1 36 11 47 
2.50 2 16 33 49 
3 13 32 4 49 
1 6 16 15 2 4 1 1 45 
5.00 2 7 19 13 2 1 1 1 44 
3 19 26 4 49 
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recordings showed the temperature fell 7vlO°F for about 1 l/2 
days during the experiment. Table II gives no pupation results 
for the treatments of 7.50 and 10.00 ppm. These treatments were 
eliminated from the experiment since mortality prior to pupation 
was approximately 65 0/0 for treatment 7.5 and 92 0/0 for treat¬ 
ment 10.00 as compared to a mean mortality of 8 0/0 in the re¬ 
maining treatments. 
Table Ila gives the results of analysis of variance con¬ 
ducted on these data. To obtain the figures analyzed, each 
larva was assigned a number designating the hour after initial 
pupation it pupated. Initial pupation is the first appearance 
of a pupa in the experiment, regardless of treatment, and the 
time of the first pupal appearance is designated hour 1. These 
figures adequately describe the comparative rates of larval de¬ 
velopment to pupation in the various dye solutions. Analysis of 
the data in Table II was conducted using a nested, one-way classi¬ 
fication design as described by Steel and Torrie (i960). Treat¬ 
ments were considered fixed effects, replicates and larvae as 
random effects. The results show- that a highly significant 
difference, 99 0/0 confidence level, occurred among the treatments 
and among the replicates xvithin treatments. 
Table III gives the mortality figures for this experiment 
and the analysis results. Analysis of the binomial distribution 
was conducted by the analysis of variance method described by Li 
(1957). The results show that a highly significant difference, 
99 0/0 confidence level, in mortality occurred among treatments. 
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Table Ila 
Preliminary Experiment 
Analysis of Variance of data presented in Table TI 
Source df SS MS f 
Total 991 585,668.68 
Treatments 6 38?,7?8.07 64,629.68 27.08** 
Reps: Treat. 14 33,413.55 2,386.30 14.09** 
Error 971 164,477.06 169.39 
Table III 
Preliminary Experiment 
Mortality of A^ aeyypti larvae reared to pupation in Nile Blue A 
Solutions. 
dye concentrations 
0.0 
.25 .50 .75 1.0 2.5 5.0 7.5 10.0 
Dead 6 10 6 6 10 5 16 76 96 
Live 144 138 146 143 138 145 138 67 8 
Total 150 148 152 149 148 150 154 143 104 
$>Iort. 4.00 6.75 3.95 4.03 6.75 3.33 10.39 53.17 92.31 
AN0VA 
Source df SS MS f 
Treatnr 3nts 8 153.20 19.51 107.58** 
Within Treat. 1058 36.69 0.0347 .195 
Total 1066 189.89 0.178 
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Dye concentrations of 5.0, 7.5 and 10.0 ppm resulted in 
high larval mortality and greatly extended developmental times 
(5.0 ppm increased normal development 200 hours, and 7.5 ppm, 
535 hours, Appendix l). Other experiments conducted showed 
that dye concentrations of 2.5 ppm and lower did not result in 
increased mortality of newly hatched larvae. 
The information gained in these preliminary tests, aided 
in designing an experiment to give more definitive data on the 
effects of the dye upon instar development and pupation. Con¬ 
centrations of 0.25, 0.50, 0.75, 1.00, and 2.50 were tested against 
a control. Larvae hatched under standard conditions and 50 
larvae/petri dish were immediately placed in 100 ml of distilled 
water and the dye added. Rearing conditions were standard and 
the water was changed daily. Three replicates of each treatment 
were run. 
Observations were recorded at one hour intervals whenever 
possible. Christophers (i960) stresses that accurate- developmental 
data require hourly observations, but the limited manpower prevented 
such precise observations. Tables IV-VII present the results of 
this experiment for each ecdysis. Tables VIII-XI give the range, 
mean and standard deviation (in hours) for each ecdysial period. 
In the control, at a mean temperature of 26.5 + 0.86°C, ecdysis I 
began 24 hours after hatch, ecdysis II,41 hours after hatch, ecdysis 
III, 66 hours after hatch and pupation, 114 hours after hatch. This 
compares with Christophers (i960) observations at 28°C of ecdysis I, 
20 hours; ecdysis II, 43-45 hours; ecdysis III, 68-69 hours and 
pupation 102 hours after hatch. 
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Table IV 
Experiment IV 
Ecdysial rates of A. aegypti larvae reared in Nile Blue 
Sulfate Solutions. 
Ecdysis I 
ppm of R Hours after initial ecdysis in any treatment 
dye E 
P 
1 3 5 6 7 8 9 18 19 20 21 22 23 24 25 26 Tot. 
1 3 25 19 4 1 52 
0.00 2 15 2? 9 1 52 
3 15 18 17 1 1 52 
1 8 22 20 1 1 52 
0.25 2 18 21 13 52 
3 5 26 11 6 3 1 52 
1 1 6 8 13 12 3 8 1 52 
0.50 2 2 18 13 9 7 3 \ 52 
3 17 14 4 7 3 2 47 
1 1 4 33 7 4 1 2 52 
0.75 2 9 9 14 8 6 7 53 
3 1 17 9 11 8 2 1 3 52 
1 11 4 12 9 8 4 48 
1.00 2 13 7 7 7 9 4 1 1 49 
3 13 9 7 9 9 4 1 52 
1 30 5 5 3 2 2 1 48 
2.50 2 1 29 5 6 3 2 5 1 52 
3 30 8 4 2 4 1 2 51 
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Table V 
Experiment IV 
Ecdysial rates of A. aegypti larvae reared in Nile Blue 
Sulfate solutions 
Eedysis II 
Hours after initial eedysis in any treatment 
ppm of R 
dye E 
P 
1 2 3 4 5 6 7 8 9 10 13 14 16 26 27 Tot. 
1 1 9 15 3 9 8 2 2 2 1 52 
Cont. 2 2 7 14 6 11 6 6 52 
0.0 3 1 4 8 4 7 12 3 6 3 3 51 
1 1 4 7 8 12 7 7 2 2 2 52 
0.25 2 5 12 0 7 8 7 3 1 1 1 50 
3 2 3 2 10 11 9 5 4 4 1 51 
1 4 3 6 9 22 2 2 4 52 
0.50 2 1 4 6 4 9 7 7 13 1 52 
3 1 2 8 9 7 10 11 2 2 52 
1 1 4 3 14 11 3 4 10 1 1 52 
0.75 2 1 1 7 2 4 7 23 4 4 53 
3 1 2 7 o s 4 7 16 1 4 1 52 
1 1 5 3 4 23 3 5 5 49 
1.0 2 6 5 4 23 6 4 4 52 
3 1 5 4 4 20 4 8 5 51 
1 19 7 
2.5 2 1 .14 7 
3 19 8 
29 30 31 32 33 34 37 
1 6 5 3 2 
2.5 2 7 1 2 1 3 4 1 
3 7 3 1 6 1 3 
_39 51 
8 51 
9 52 
_ 4 52 
1 
2 
3 
2.5 
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Table VI 
Ecdysial rates of A. aegypti larvae reared in Nile Blue 
Sulfate solutions. 
Bodysis III 
ppm of R Hours after initial ecdysis in any treatment 
dye E 
P 1 2 4 5 6 7 8 9 12 13 14 26 27 Total 
1 22 6 2 4 4 A J. 1 3 3 4 50 
0.0 2 9 8 12 5 8 2 3 2 1 1 51 
3 6 4 11 7 8 3 1 7 2 2 1 52 
1 5 4 13 7 6 2 6 3 2 2 2 52 
0.25 2 7 5 12 3 9 6 3 4 1 1 51 
3 5 1 11 3 6 6 6 8 4 1 51 
1 1 1 2 3 - 13 4 1 4 20 52 
0.50 2 1 2 5 4 7 2 6 6 5 5 3 6 52 
3 2 5 5 6 8 8 4 4 9 51 
1 1 1 2 5 7 11 8 6 1 4 6 52 
0.75 2 1 3 3 4 2 12 1 7 5 13 51 
3 2 1 3 9 3 12 3 4 15 52 
1 2 2 1 9 2 2 4 27 1 
1.00 2 1 2 11 1 2 7 27 1 
3 2 3 1 1 4 13 20 1 
1 3 1 
2.50 2 4 1 
3 1 
28 30 36 49 50 51 52 53 55 56 59 61 
i l 
1.00 2 
3 1 i 
1 4 24 l 2 1 
2.50 2 25 l 2 1 2 1 
3 1 1 22 4 3 1 2 5 
51 
52 
4? 
41 
46 
43 
43 
Table VII 
Experiment IV 
Ecdysial rates of A. aegypti larvae reared in Nile Blue 
Sulfate solutions. 
Pupation 
Hours after initial pupation in any treatment 
ppm of R 
dye E 
P 1 2 3 4 
CO
 
o
-
 11 13 27 28 30 31 32 51 Total 
1 10 2 3 3 2 5 5 6 8 6 i 51 
0.0 2 2 2 3 1 3 3 8 9 17 48 
3 2 1 2 2 6 7 28 1 1 50 
1 2 1 1 3 4 7 8 23 2 51 
0.25 2 2 1 2 1 3 3 8 7 20 1 1 1 50 
3 1 1 2 3 3 8 8 23 1 50 
1 1 1 4 30 3 i 1 11 52 
0.50 2 1 12 4 2 6 26 2 1 3 
3 1 3 3 31 4 2 5 
1 1 1 1 7 8 26 1 3 1 2 48 
0.75 2 3 5 24 1 6 3 1 4 
3 1 2 5 28 4 4 2 4 
1 23 3 4 5 2 11 
1.00 2 26 3 6 5 1 8 
3 26 3 1 2 16 
1 1 3 
2.50 2 2 
3 
72 76 80 93 97 100 117 129 135 148 175 
* 
1 
0.50 2 2 50 
3 1 50 
1 - 
0.75 2 1 48 
3 1 51 
1 1 49 
1.00 9 1 1 51 
3 1 2 51 
1 10 4 4 9 2 2 4 1 1 1 3 45 
2.50 2 9 4 2 10 4 1 5 2 2 2 43 
3 13 5 3 13 2 2 8 1 47 
Table VIII 
Experiment IV 
Mean, range, and standard deviation of eedysial periods of A. aegypti larvae 
reared in Nile Blue Sulfate solutions. 
Ecdysis I 
Range (hours 
ppm of 
Ave 
after 
hatch) 
Mean (of total 
eedysial rate) S. D. 
Coefficient of 
variation 
0.00 24-30 3.32 1.57 47.28 
0.25 2 k-32 3.97 1.85 1+6.59 
0.50 26-k3 7.1*9 3.66 48.86 
0.75 2k-k3 7.io 3.64 51.52 
1.00 26-It It 8.04 3.77 46.89 
2.50 31.1*9 19.. 30 3.69 19.11 
Table IX 
Experiment IV 
Mean, range and standard deviation of eedysial periods of A. aegypti larvae 
reared in Nile Blue Sulfate solutions. 
Ecdysis II 
ppm of 
dye 
Range (hours 
after 
hatch) 
Mean (of total 
eedysial rate) S. D. 
Coefficient of 
variation 
0.00 41-50 4.67 2.15 46.03 
0.25 42-54 6.30 2.57 40.79 
0.50 43-66 10.47 3.76 35.91 
0.75 43-66 10.25 4.85 1*7.31 
1.00 47-66 13.46 4.65 31* .51* 
2.50 50-91 30.88 10.47 33.90. 
Table X 
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Experiment IV 
Mean, range, and standard deviation of ecdysial periods of A. aegypti larvae 
reared in Nile Blue Sulfate solutions. 
Ecdysis III 
Range (hours 
ppm of after Mean (of total Coefficient of 
dye hatch) ecdysial rate) S. D. variation 
0.00 66-91 5.50 4.4l 80.18 
0.25 66-91 5.9^ 3.*»7 58.41 
0.50 66-91 12.74 7.33 58.78 
0.75 66-91 12.03 7.09 58.93 
1.00 71-114 19.72 7.89 40.01 
2.50 91-139 49.43 12.89 26.07 
Table XI 
Experiment IV 
Mean, range, and standard deviation of ecdysial periods of A. aegypti larvae 
reared in Nile Blue Sulfate solutions. 
Pupation 
Range (hours 
ppm of after Mean (of total 
dye hatch) ecdysial rate) S. D. Coefficient of 
variation 
0.00 114-144 14.91 9.91 66.46 
0.25 115-164 18.44 10.54 57.15 
0.50 114-183 27.91 12.91 46.25 
0.75 116-183 26.15 11.17 42.71 
1.00 117-183 35.81 ^15.52 43.33 
2.50 143-287 92.06 24.59 26.71 
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Tables IVa-VIIa give the analysis of variance results con¬ 
ducted on the data presented in Tables IV-VII. Observations were 
transformed and analyzed as in the preliminary experiments. At 
all ecdysial levels, a highly significant difference, at the 99 o/o 
confidence level, occurred among treatments. A highly significant 
difference also occurred among replicates within treatments at 
all levels except pupation. There was no significant difference 
found at pupation. 
Dye concentrations below 1.0 ppm did not adequately stain 
the larvae for mark, release and recapture studies. Duncan’s 
Multiple Range test (Steel and Torrie, I960) was therefore used 
to determine at what dye concentration development of each stadium 
significantly differed from normal larval development. A complete 
test was not run at each ecdysial level. Information was desired 
on only the lowest dye concentration significantly different from 
the control, and relationships among the various dye concentrations 
were considered unimportant. Although the number of observations 
contained in each mean was unequal, no adjustment was felt necessary 
because the sample sizes were very close. The average of the two 
sample sizes in each comparison was used in the calculations. Table 
XII gives the results of Duncan’s Multiple Range Test. 
Table XII shows that a significant difference, 95 o/o level 
occurred at all ecdysial levels, except the III, between the con¬ 
trol and treatment 0.25 ppm. At all ecdysial levels, a highly 
significant difference, 99 o/o level, occurred between the control 
and treatment 0.50 ppm. The dye significantly affected larval 
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Table IVa 
Experiment IV 
ANOVA of Table IV- Ecdysis I 
Source df SS MS F 
Total 919 33,158.90 
Treatments 5 25,364.58 5,072.92' 107.00** 
Reps: Treat. 12 568.86 47.41 5.92** 
Error 902 7,225.36 8.01 
Table Va 
Experiment IV 
ANOVA of Table V- Ecdysis II. 
Source df SS MS F 
Total 927 96,983.31 
Treatments 5 69,319.96 13,863.99 221.79** 
Reps: Treat. 12 750.09 62.51 2.94** 
Error 910 27,663.35 30.40 
Table Via 
Experiment IV 
ANOVA of Table VI- Ecdysis III 
Source df SS MS F 
Total 894 230,032.50 
Treatments 5 183,434.83 36,686.97 170.29** 
Reps: Treat. 12 2,585.32 215.44 4.05** 
Error 877 46,597.67 53.13 
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Table Vila 
Experiment IV 
ANOVA of Table Vll-Pupation. 
Source df SS MS F 
Total 887 750,033.10 
Treatments 5 560,305.68 112,06l«14 840.29** 
Reps:Treat. 12 1,600.26 133.36 .6l 
Error 870 190,097.16 218.50 
Duncan’s multiple Rang 
Table XII 
Experiment IV 
;e Test for data in Tables IV-VII. 
Ecd\ ■sis I Ecdysis II 
ppm dye 0.00 0.25 0.50 ppm dye 0.00 0.25 
Mean 3.32 3.97 7.49 Mean 4.67 6.30 
LSD95 
.626 .666 lsd95 1.23 
lsd99 .823 .8 66 LSD_ 
99 
1.62 
Ecdysis III Ecdysis TV 
ppm dye 0.00 0.25 0.50 ppm dye 0.00 0.25 0. 50 
Mean 5.50 5.94 12.75 Mean 14.91 18^49 27. 91 
LSE95 
1.63 1.72 lsd95 3.35 3. 52 
lsd99 2.14 2.24 lsd99 4.40 4. 58 
indicates no significant difference at 99 o/o level 
indicates no significant difference at 95 o/o level 
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development at concentrations of i/2, and in some cases 1./4, 
the concentration necessary for adequate staining of the larvae 
for mark, release and recapture studies. 
Graph I shows the over all effects of the dye upon larval 
ecdysis and pupation. Since hourly observations could not be 
made, the number of larvae ecdysing at the missing hours was 
approximated, A cumulative ecdysial curve was constructed from 
the recorded observations of each ecdysis. lie number of larvae 
ecdysing at the missing hours was then interpolated from these 
curves. The graph clearly indicates dye inhibition of development 
by the general shifting of the ecdysial curves to the right of the 
control curves. A decrease relative to the controls in the hourly 
number of larvae ecdysing and the subsequent increase in ecdysial 
range is also evident. The means and standard deviations in Tables 
VIII-XI give statistical Interpretation of the dye effects upon 
larval development. An increase in onset of ecdysis and an increase 
in variability of each ecdysial period is again evident. 
Graph II compares the lengths of the ecdysial periods. The 
results of a dye concentration of 5.00 ppm were included to emphasize 
overlapping of the ecdysial periods. The ecdysial periods are dis¬ 
tinctly separate in the control and their limits progressively approach 
and then overlap as dye concentrations are increased. The over¬ 
lapping increases to such an extend the I, II, III, and IV instars 
are present simultaneously in a 5.0 ppm dye solution. 
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Rate of Dye Uptake and Sites of Dye Deposition 
The vital dye, Nile Blue Sulfate, significantly inhibits 
the larval development of A. aegyptl in concentrations of 0.25 
ppm or greater. Further information concerning the action of the 
dye would aid in evaluating the potential use of Mile Blue Sulfate 
as a marking agent. Studies were conducted to determine (l) the 
rate of dye entry into the body tissues of IV instar larva and 
(2) the sites of dye deposition in IV instar larva. The fourth 
instar was used in these studies because (l) it is the easiest 
instar to dissect, (2) it is the easiest instar to observe live 
and (3) time did not permit observations on all 4 stadia. 
Rate of Dye Uptake 
Larvae, hatched and reared under standard conditions until 
92-24 hours old (IV instar), were placed in a 2.50 ppm dye solution 
with 2.0 mg/ml of dried Brewer’s yeast. After 30 minutes, four 
larvae were removed periodically from the dye solution each half 
hour for 3 hours. Two of each group of 4 larvae were killed 
immediately in 10 o/o formalin (standard fixative for Nile Blue A 
preparations, Mallory, 1938) and examined whole under the dissecting 
microscope at 60 and 120 magnification. The remaining two larvae 
of each group were placed on a slide with a drop of water, immobilized 
with a cover slip and examined live at the same magnifications. 
Figure 1 shows the distribution of the stained dorsal parietal fat 
body of a VI instar larva removed from a 2.50 ppm dye solution after 
24 hours. Using this figure as a reference, the entry of dye into 
the gut and fat body tissue was followed for 3 l/2 hours. 
Figure 1 
Dorsal view of 4fh instar A. aegypti larva with fat body 
(stippled area) stained in vivo with Nile Blue Sulfate. 
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At the first observation period (30 minutes in the dye solution), 
stained yeast appeared in the gut lumen from the anterior proventriculus 
to the posterior mesenteron with the exception of the lumen of the 
caeeae. Frequently, stained boli were present in the pharynx. The 
anterior midgut epithelium had stained very lightly, but no dye was 
present in the caecal and posterior raidgut epithelium or body tissues 
outside the gut wall. 
At 1 hour, a diffuse blue color was present throughout the 
hindgut. The dye was predominately in either a solution or a 
colloidal state. Occasionally, large stained particles, presumably 
undigested food materials, were present. Neither the lumen nor the 
epithelial cells of the Malpighian tubules stained. The caecal and 
midgut epithelia had stained completely and the color had become darker 
due to increased dye accumulation. The lateral visceral fat body 
tissue in abdominal segments II-III had stained. 
At 2 hours, initial staining of the parietal fat body tissue of 
the thorax and anterior l/4 of abdominal segments II-III occurred. 
The entire gut lumen from the proventriculus to the anus was heavily 
stained, however the midgut epithelium -was the only region of the gut 
wall containing dye deposits. 
At 3 hours, the lateral and dorsal portions of the fat body in 
abdominal segments IV-V began to stain. The staining sequence of the 
fat tissue in abdominal segments I-V began on the lateral anterior 
l/4 of a segment and gradually spread dorso-ventrally and slightly 
posteriorly. Abdominal segments II-III stained completely first. 
In abdominal segments VI-VTII, staining first appeared on the anterior 
1/4 of a segment and then spread ventrally and posteriorly. 
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At 3 l/2 hours, the parietal fat body of all abdominal segments 
had stained, the intensity of color diminishing progressively posteriorly. 
Other distinguishable tissues and cells that stained were: pericardial 
cells and lateral abdominal muscles (2 hours) and the supraoesophageal 
ganglion (3 l/2 hours).. 
Sites of Dye Deposition 
Fourth instar larvae, 92-94- hours old, were starved for 12 hours 
and then placed in a 2.50 ppm dye solution with 2.0 mg/ml of dried 
Brex^er’s yeast. Starvation facilitated increased feeding, accelerating 
dye entry into the body tissues. The larvae remained in the dye solu¬ 
tion for 12 hours; they were then removed and divided into 2 groups. 
One group was examined live under the dissecting microscope at 60 and 
120 magnification, after placing individual larvae on a slide with a 
drop of water and applying a cover slip. The remaining larvae were 
fixed in 10 0/0 formalin for 20 hours, and then the dye was differentiated 
in 2 0/0 glacial acetic acid for 30 minutes. The larvae were finally 
washed in distilled water and prepared for dissection. 
The head and last three abdominal segments were removed first. 
The trunk was then slit longitudinally along a ventro-lateral line 
and the gut removed. The remainder of the body was unrolled and 
flattened and the specimen was ready for mounting. Both temporary 
and permanent slides were prepared (the author, at present, has the 
permanent slides). Non-alcholic mounting media were used since ex¬ 
amination of the fat body tissue -was of primary concern (the dye, 
Nile Blue A, has been principally used as a differential fat stain). 
Glycerine was used for temporary slides and glycerol gel; a mixture 
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of water (52.0 ml), gelatin (8.0 gm) and glycerol (50.0 ml) was used 
for permanent slides. Permanent slides were ringed with clear finger¬ 
nail polish to prevent dessication. 
The prepared mounts were examined with a compound microscope. 
The specimens were studied under both light and phase contrast 
illumination at powers up to and including oil immersion (960 magnifica¬ 
tion). 
Sudan Black B was used in an alternate staining technique to con¬ 
firm staining of fat deposits and other lipid material. The stain was 
prepared by dissolving 0.7 gm of Sudan Black, C. I. No. 26150, in 100 
ml of ethylene glycol, heating to 110°C and vacuum filtering twice 
through Whatman No. 2 filter paper. Late 4th instar larvae, 118-120 
hours, were fixed in 10 o/o formalin for 20 hours. Portions of the 
body tissues were removed and immersed in ethylene glycol: 2 changes, 
each 5 minutes. The tissue was then stained: 2 changes, each 5 minutes; 
and differentiated in glycol and water (85:15) for 5 minutes. Temporary 
slides using glycerine were prepared. 
Examination of the dorsal surface of live Nile Blue stained speci¬ 
mens under the dissecting microscope gave the following results. The 
fat body and mesenteron stained intensely, and the imaginal buds and 
muscle tissue lightly. Staining in these tissues will, be discussed 
in detail later. The exoskeleton, tracheal system, foregut, hindgut, 
Malpighian tubules, anal papillae and hemolymph did not stain. Al¬ 
though the hemolymph appeared unstained, dye in some form, was un~ 
doubtly present since transportation of the dye from the midgut 
epithelium to the fat body and other tissues appears unlikely with¬ 
out passing through the blood. 
Figure 2 
Midgut and part of adjacent regions of 4th instar A. aeqypti 
stained in vivo with Nile Blue Sulfate (stippling indicates 
sta ining). 
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The supraoesophageal ganglionic complex and the heart, both 
easily observed in the live larva, concentrated the dye. The 
cerebral lobes of the brain appeared as two bluish lobes projecting 
laterally and anteriorly from the posterior margin of the head 
capsule. The tissue stained uniformly, however, staining at the 
cellular level could not be determined with 120 magnification. 
The thin, transparent walls of the heart and the laterally situated 
nuclei projecting into the lumen did not stain. The pericardial 
cells, however, concentrated the dye. The outer dense zone of cytoplasm 
in these cells, slightly granular in appearance, stained uniformly. 
The inner cytoplasm was heavily vacuolated with variably-sized, dark- 
staining particles. As mentioned above, the hemolymph, in the aorta 
and heart, showed no evidence of dye. 
The gut, from the thorax to abdominal segment VI, (Fig. 2) was 
examined under the compound microscope. Magnifications of 100 and 
430 with phase contrast and light illumination gave the following 
results. The epithelium of the foregut, hindgut and Malpighian 
tubules did not stain. The caecae and midgut, hoirever stained 
intensively (Fig. 2). Stain appeared throughout the midgut, but 
the posterior midgut was darker than the anterior raidgut and caecae. 
This differentiation was probably due to the structural difference 
of the epithelium composing the midgut. A cross section of the 
anterior midgut (Fig. 3a) shows the epithelial cells to be thin, 
having a uniform, even internal border, whereas a cross section of 
the posterior midgut (Fig. 3b) shows the cells to be thickened and 
projecting irregularly into the lumen (also see pg. 12). The 
Figure 3 
Cross section of midgut of 4th instar 
A. aegypti larva. 
ANTERIOR MIDGUT (after Christophers. I960) 
I- 
0 1 mm 
POSTERIOR MIDGUT (after C hr i stophe r s . 1960) 
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thickened cells of the posterior midgut apparently accumulated 
more dye, decreasing the amount of transmitted light, making this 
region appear darker than the anterior midgut. The cytoplasm of 
the epithelial cells of the anterior mesenteron and caecae is 
finely granular and stained uniformly. The nuclei however, stained 
irregularly and appeared similar to stained basophilic nuclei. In 
the posterior mesenteron, the cytoplasm of the cells is more granular 
and vacuolated and dye deposition was irregular. The irregularities 
of cellular structure and cytoplasmic composition produced a patch¬ 
work (see Fig. 2) staining effect in these cells. The nuclei of 
these epithelial cells stained irregularly, as did those of the 
anterior midgut. 
The remaining body tissues of the thoracic and abdominal 
region through segment VI, were examined under the compound micro¬ 
scope at 430 and 9&0 magnification with light and phase contrast 
illumination. The only muscle tissue identified and examined, the 
dorsal and ventral longitudinal muscles, stained lightly. Striations 
were pronounced in the fibers with uniform very light blue inter- 
strial regions. The sarcoplasm surrounding the fibers stained 
uniformly light blue, distinctly darker than the color of the 
muscle fibers themselves. The large nuclei were the most inten¬ 
sively stained of the cellular components, and irregular staining 
in these nuclei produced a basophilic-like quality. The large 
rounded imaginal buds in the thorax stained a uniform light blue. 
No differentiation of dye deposition in the cytoplasm was evident. 
The nuclei were stained very light blue and were often indistinguish¬ 
able. 
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The large oenocytes (Fig. 4a), clustered laterally along the 
abdominal segments, stained very heavily. The finely granular 
cytoplasm was generally a uniform dark blue, although occasionally, 
localized areas of very intensive, blue-black staining were present. 
The globular nuclei stained intensively and irregularly and the 
nucleoli were clearly evident. The small oenocytes (Fig. 4b) also 
stained heavily. The cytoplasm of these cells was more densely 
granular than that of the large oenocytes, and consequently stained 
an irregular dark blue. The nuclei appeared similar to those of the 
large oenocytes, except for less distinct nucleoli. The plasmocytes 
(Fig. 4c) were also intensely stained. The cytoplasm of these cells 
was highly vacuolated with numerous, variably sized blue-black in¬ 
clusions, reducing the cellular protoplasm to scant areas surrounding 
these inclusions. The nuclei were similar in appearance to the 
cytoplasm and often difficult to distinguish. Occurence of the 
intense, blu-black staining areas, inclusions or otherwise, in the 
cytoplasm of the oenocytes and plasmocytes followed a' pattern of 
increasing abundance. These intensely stained areas were infrequent 
in the large oenocytes; in the small oenocytes, they constituted 
approximately half of the cytoplasm; and in the plasmocytes, they 
virtually replaced the cytoplasm. How this pattern may relate to 
the physiological function of these cells will be covered in the 
discussion. 
The visceral and parietal fat body tissue stained moderately 
and was predominately responsible for the bluish appearance of the 
larvae, since in relative proportions, it was the most abundant 
tissue stained. The trophocytes (Fig. 5) were swollen with reserve 
food materials with their cell boundaries and nuclei rarely distinguishable. 
Figure 4 
Oenocy tes and hemoeytes of 4th instar A. aegvpfi 
larva stained in vivo with Wile Blue Sulfate. 
SMALL OENOCY7ES HEMOCYTES 
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The scanty cytoplasm in these cells stained a light blue-gray. 
Extremely numerous, centrally located globules in the trophocytes 
stained blue. Phase microscopy further revealed other globules, 
possibly tinged with blue, interspersed among the blue staining 
globules, and masses of unstained material deposited along the 
perimeter of the cells. The peripherial deposits were identified 
as glycogen, and the central globules as lipid or lipoproteinaceous 
complexes as determined by Wiggleswo'rth (19^-2). 
Small spherical bodies, at the cell periphery, ci.early visible 
under oil immersion, were abundant and stained intensely deep purple 
to black. These bodies have not been described in the literature and 
the nature of these object is speculative to the investigator. 
Sudan Black B staining confirmed the blue-stained globules to 
be fat deposits containing large proportions of lipid material. None 
of the above described objects in the trophocytes were affected by 
Sudan Black. The oenocytes, hemocytes and imaginal buds were like¬ 
wise unaffected, however the muscle tissue showed a slight affinity 
for the dye, particularly the sarcoplasm. 
In summary, the foregut, hindgut, Malpighian tubules, tracheal 
system, hemolymph, heart wall and exoskeleton were unaffected by • 
Nile Blue Sulfate. The muscle tissue, imaginal buds and supraoesophageal 
ganglion stained lightly. The oenocytes, plasmocytes, pericardial cells, 
lipoproteinaceous complexes in the trophocytes of the fat body, midgut, 
gastric caecal epithelium stained intensively. Most nuclei that stained 
stained irregularly, as did the cytoplasm of the oenocytes, plasmocytes 
and pericardial cells. Unknow spherical bodies, peripherally located 
in the trophocytes, stained dark blue-black. 
Figure 5 
Sulfate. 
/ 
1 0 u 
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Respirometry Studies 
Most of the tissues affected by the dye, Nile Blue Sulfate, 
in A„ aegypt-i larvae function in intermediary metabolism Oxygen 
consumption measures the relative rate of oxidative metabolism under 
different conditions and therefore respirometry studies were con¬ 
ducted to determine (1) the oxygen consumption of non-feeding IV 
instar larvae and (2) the dye’s effect in IV instar larvae, on the 
rate of oxidative metabolism. 
These studies were made with a refrigerated Gilson constant 
volume respironeter, Model GR 14. Preliminary tests were run to 
become familiar with the equipment and to establish a suitable set 
of operating conditions approximating experimental rearing conditions. 
From these preliminary experiments, the set of conditions found to be 
satisfactory was: water bath at 2?°C, 10 IV instar larvae per test 
flask, 2 ml distilled water per flask, 20 drops of 10 o/o KOH in the 
center wells and four replicates of each treatment with two air volume 
control flasks. The flask capacity of the respirometer limited the 
replicates to four. The larvae to be tested for dye effects were 
placed in a 2.50 ppm dye solution with 2.0 mg /ml of Brewer’s yeast 
for 24 hours, after developing under standard conditions for 92-94 
hours. The larvae used as controls were hatched 6 hours later than 
the test larvae to approximate dye inhibition effects on the test 
larvae (see Graph I). After the 24-hour staining period, all larvae 
were placed in the flasks and the system allowed to equilibrate for 30 
minutes. The respirometer provided gentle shaking throughout all tests 
to ensure equilibrium of gases. Readings, in the preliminary tests, were 
taken at hourly intervals, converted to standard temperature and pressure, 
adjusted to the control flasks and tabulated in ul/larva/hour. Table XIII 
presents the results of a preliminary experiment. 
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Table XIII 
Preliminary Experiment 
Oxygen consumption/larva/hour of stained and unstained IV instar 
larvae of A. aegypti expressed as ul 0^/larva/hour. 
Hours 
Treatments Reps_ 1 _2 3 Total 
1 5.71 5.33 5.26 16.30 
2 5 M 5.03 5.27 15.77 
Unstained 3 5.80 5.27 5.00 16.07 
4 5.97 5.48 5.13 16.58 
Total 22.95 21.11 20.66 64.74 
1 6.69 6.73 6.42 19.84 
2 5.82 5.31 4.84 15.97 
Stained 3 5.99 5.57 5.22 16.78 
4 5.92 5.45 4.97 16.32 
Total 24.42 23.06 21.45 68.93 
Table XHIa presents the analysis of the data in table 
XIII. A split plot in time, equal subclass analysis of variance 
design was used as described by Steel and Torrie (i960). Treat¬ 
ments, and hours were considered as fixed effects, replicates as 
random effects. The analysis shows that there is no significant 
difference at the 95$ confidence level between the oxygen consumption 
rate of stained and normal IV instar larvae. The mean consumption 
rate of stained and unstained larvae were respectively 5*74 ul/larva/ 
hour and 5.39 ul/larva/hour. 
A highly significant difference, 99 0/0 level, occurred among 
hours. 
Another experiment was designed refining and elaborating the 
above method to obtain more definitive data on the effect of Nile 
Blue A on oxygen consumption rate. In this test, readings were 
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Table Xllla 
Preliminary Experiment 
ANOVA of 02 consumption rates in Table XIII. 
Source df SS MS F 
Total 23 6.18 
Between Plots 7 3.99 
Treatments 1 .74 .74 1.37 
Reps:Treat. 6 3.25 .54 
Within Plots 16 2.19 
Hours 2 1.76 .80 30.34** 
T X H 2 0.08 .04 1.38 
HR: T 12 0.35 .029 
recorded every half hour for 4 hours. At the termination of the 
test, the larvae were killed by boiling and dried at 100°C for 1 
hour. Each replicate was weighed on a Mettler single pan balance 
to the nearest 0.1 mg and the 02 recordings were converted to ul/mg 
dry weight/ ■§ hour. The standard method of expressing 0^ consumption 
of small organisms is in ul/mg weight (wet or dry) /hour. The oxygen 
consumed is therefore based on two constants, namely unit weight and 
unit time. In the preliminary experiment, oxygen consumption was 
based on a variable, a larva, and a constant, unit time. Since all 
larvae are not the same size, 0^ consumption rates differ according 
to (l) the actual metabolic rates of the larvae and (2) the body size 
of the larvae. Expressing oxygen consumption in terms of unit weight 
and unit time eliminates the variable of body size. Therefore the 0^ 
consumption rate in ul/mg/hour differs among larvae only according 
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to actual differences in metabolic rates of the larvae. Excluding 
the above modifications, the experiment was conducted under the 
conditions outlined for the preliminary experiment. 
Table XIV presents the microliters of oxygen consumed per 
larva per 1/2 hour. Table XlVa gives the results of analysis of 
variance conducted on the data in Table XIV. A split plot in time 
design was again used in the analysis. 
Table XlVa shows that no significant difference occurred 
between the consumption rates of stained and unstained IV in¬ 
star larvae. The mean 02 consumption/larva/hour was 5.04 ul for 
unstained larvae .and 5.35 ul for stained larvae. A highly significant 
difference, 99 o/o confidence level, occurred among the half hour 
intervals and a significant difference, 95 o/o level, occurred among 
the hour by treatment interaction. 
Table XIV 
Experiment II 
Oxygen consumption/larva/half hour of stained and unstained 
IV instar larvae of A. aegypti expressed as ul O^/larva/half hour. 
Half Hours 
R 
Treat. E 
P 0.5 1.0 1.5 2.0 2.5 3.0 3*5 4.0 Total 
1 3.20 2.52 2.88 2.59 2.35 2.47 2.52 2.44 20.97 
2 2.67 2.54 2.62 2.3*1 2.13 2.27 2.30 2.09 18.67 
Normal 3 3.19 2.66 3.03 2.80 2.64 2.79 2.69 2.69 22.49 
4 2.73 2.20 2.5*1 2.45 2.03 2.31 2.21 2.03 18.50 
Total. 11.79 9.63 11.07 10.18 9.15 9.84 9.72 9.25 80.63 
1 2.91 2.39 2.73 2.27 2.10 2.33 2.33 2.45 19.51 
2 2.48 2.72 3.20 2.64 2.58 2.72 2.65 2.80 21.79 
Stained3 3.51 2.99 3.18 2.97 2.72 2.95 2.78 2.98 24.08 
4 2.72 2.60 2.74 2.49 2.20 2.52 2.38 2.55 20.20 
Total 11.62 10.70 11.85 10.37 9.60 10.52 10.14 10.78 85.58 
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Table XIVa 
Experiment II 
ANOVA of data in Table XIV. 
Source df ss MS F 
Total 63 6.32 
Between Plots 7 3.31 
Treatments 1 .39 .39 
0
 
00
 
•
 
Reps:Treat. 6 2.92 .49 
Within Plots 56 3.01 
Hours 7 2.18 .31 22.14** 
H X T 7 .24 .034 2.43* 
EH: T 42 
.59 .014 
Table XV gives the dry weights, in milligrams, of stained 
and unstained larvae. Each figure represents the combined weight 
of the 10 larvae in each replicate, since accurate measurement of 
individual 0^ consumption was not possible with the equipment used. 
Table XV 
Dry weight in milligrams/l0 larvae of stained and unstained IV 
instar larvae of A. aegypti. 
Treatment Rep Milligrams 
1 6.50 
2 6.10 
Unstained 3 6.78 
4 5.70 
1 6.09 
2 7.10 
Stained 3 7.60 
4 6.50 
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Table XVI presents the 0^ consumption of stained and unstained 
IV instar larvae in ul/mg dry weight/half hour. Table XVIa gives 
the results of analysis of variance conducted on the data in Table 
XVI. The analysis was performed using a split plot design. 
Table XVIa shows that no significant difference occurred in 
✓ 
oxygen consumption rates between stained and unstained IV instar 
larvae. The mean rates in ul/mg dry weight/hour were 7.83 ul for 
unstained larvae and 8.04 ul for stained larvae. A highly signifi¬ 
cant difference, 99 o/o confidence level, occurred among the half 
intervals and a significant difference, 95 o/o level, occurred among 
the hour by treatment interaction. 
Comparison of the results of ul/larva/hour of the preliminary 
experiment and experiment II showed no significance at the 99 o/o 
level and demonstrated the replicability of the technique and the 
conditions under which the studies were conducted. 
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Table XVI 
Experiment II 
Oxygen consumption/rag dry weight/half hour of stained and unstained 
IV instar larvae of A. aegypti expressed as ul O^/mg dry weight/half hour. 
Half Hours 
R 
Treat. E 
P 0.5 1.0 1.5 2.0 2.5 3.0 3-5 4.0 Total 
1 4.92 3.88 4.43 3.9s 3.62 3.80 3.88 3.75 32.26 
2 4.38 3.69 4.30 3.84 3.49 3.72 3.77 3.42 30.62 
Normal 3 4.23 3.53 4.03 3.72 3.51 3.70 3.70 3.57 29.86 
4 4.79 3.86 4.46 4.30 3.56 4.05 3.88 3.56 32.46 
Total 18.32. 14.96 17.22 15.84 14.18 15.27 15.10 14.31 125.20 
1 5.25 4.32 4.93 4.11 3.79 4.20 4.20 4.42 35.22 
2 3.49 3.83 4.51 3.72 3.63 3.83 3.73 3.94 30.68 
Stained 3 4.62 3.93 4.18 3.91 3.58 3.88 3.66 3.92 31.68 
4 4.18 4.00 4.22 3.83 3.38 3.88 3.66 3.92 31.67 
Total 17.54 16.08 17.84 15.57 14.38 15.79 15.25 16.20 128.65 
Table XVIa 
Experiment II 
ANOVA of C>2 consumption rates in Table XVI 
Source df SS MS 
Total 63 9.80 
Between Plots 7 2.41 
Treatments 1 .19 .19 
Reps:Treat 6 2.22 .37 
Within Plots 56 7.39 
Hours 7 5.33 .76 
H X T 7 .59 .084 
RH: T 42 1.47 .035 
.51 
21.71** 
2.40* 
DISCUSSION 
The vital dye, Nile Blue Sulfate, significantly affects normal 
development of Aedes aegypti larvae in concentrations at least as 
low as 0*25 ppm. The following discussion is intended to explain, 
within the limits of this work, the possible physiological mechanism 
by which this dye inhibition operates. 
Ecdysial curves of A. aegypti larvae developing under optimal 
conditions show a successive increase in duration of each moulting 
period from ecdysis I to pupation (Graph II). In this work, at 
27°C, ecdysis I occurred within a 6 hour interval and pupation within 
a 30 hour interval- A corresponding decrease in the hourly number of 
ecdysing larvae also occurs (Graph I), a relative comparison showing 
a maximum of 75 larvae/hour during ecdysis I and only 35 larvae/hour 
during pupation* A separation of events due to individual growth rates 
in a population, whether resulting from sex or other genetic differences, 
or biological or physical factors, occurs over time in the normal larval 
development of this mosquito. 
1 
A population of A. aegypti larvae reared in a 2.50 ppm Nile Blue 
Sulfate solution under otherwise identical conditions as above, re¬ 
quired 18 hours to complete ecdysis I (versus 6 hours normally) and 
123 hours to complete pupation (versus 30 hours normally). Corresponding 
relative maxima, of the number of larvae moulting per hour were 33 larvae/ 
hour (75 larvae /hour normally) for ecdysis I and 9 larvae /hour (35 larvae/ 
hour normally) for pupation. Population sizes under normal and test 
conditions were nearly identical and a comparison of these rates and 
initial onsets of ecdysis is valid. Since the dye inhibited the onset 
of each ecdysial period and the duration of an ecdysial period has been 
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shown to increase over time, comparisons of moulting periods occurring 
during similar age groups rather than similar developmental stages are 
most valid. In this work, such comparisons are possible. Initial 
ecdysis II of a dye reared population (2.50 ppm) occurred 55 hours after 
hatch and lasted 38 hours. Initial ecdysis III of a normally reared 
population occurred 66 hours after hatch and lasted only 25 hours. 
Also, initial ecdysis III of a 2.50 ppm dye reared population occurred 
91 hours after hatch and lasted 48 hours, whereas initial pupation of 
a normally reared population occurred 114 hours after hatch and lasted 
only 30 hours. 
If dye inhibition of development occurred by a mechanism affecting 
all larvae essentially equally, such as reduced metabolic rate due to 
low tempei’atures or cessation of growth due to starvation conditions, 
one would expect the ecdysial ranges of similar age groups to be nearly 
identical. That is, no differential rate of growth would occur above 
that expected from a normally reared population taking an equivalent 
length of time to mature. However, this is not the case here. Dye 
reared larvae (2.50 ppm), 11 hours younger than normally reared larvae, 
required 18 hours longer to complete an ecdysial period. Also, dye 
reared larvae (2.50 ppm), 23 hours younger than normally reared larvae 
required 18 hours longer to complete an ecdysial period. It appears 
that the dye differentially affects the larvae; that some larvae can 
better withstand the introduction of this foreign substance Into their 
body than others. 
This differential dye effect is further exemplified by comparing 
the 4 ecdysial periods in larval development of dye reared and normally 
reared larvae. Normally, ecdysial periods in A. aegvpti are distinctly 
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separate (10 hours minimum at 27° C between the end of one ecdysial period 
and the onset of the next) with never more than 2 instars simultaneously 
present in a culture (see Graph II). Occasionally in our laboratory we 
have found an exception to this, with a few larvae developing much 
slower than the majority of culture. However, the number of larvae 
representing this group is less than 1 o/o. Normally, ecdysis I occurs 
over a 6-10 hour period beginning 22-24 hours after hatch, ecdysis II 
over a 10-12 hour period beginning 42-48 hours after hatch, ecdysis III 
over a 20-25 hour period beginning 66-72 hours after hatch and pupation 
over a 25-30 hour period beginning 114-120 hours after hatch. At dye 
concentrations of 0.50 ppm, overlap of ecdysial periods begins to occur. 
At 5.0 ppm this overlap has occurred to such an extend that I, II, III, 
and XV instars are simultaneously present in a culture (Appendix I). An 
obvious differential dye effect is evident when some larvae 190 hours old 
are still I instars and other larvae 190 hours old are IV instars. 
Differential feeding by the larvae or differential staining of the 
yeast could account for the dye's action since the larvae acquire the 
dye almost totally through their food, dried Brewer's yeast. Random 
distribution of stained yeast particles and/or random feeding by the 
larvae eliminates the possibility of differentially stained yeast. 
Furthermore, there was no contrary evidence to show differential dye 
uptake by the yeast. Ecdysial data of a 5.0 ppm (Appendix I) dye 
reared population of 128 larvae, showed that at 141 hours after hatch 
there were 14 T instars present, I IV instar present, 114 larvae had 
entered the II stadium and of these 40 had entered the III stadiumone 
of which was alread}?- a TV instar. The predominate stadium present at 
this time was the II composing approximately 58 0/0 of the population 
However, 50 0/0 ecdysis I had occurred 70 hours earlier (44 hours after 
hatch) and ecdysis II had begun 50 hours earlier (64 hours after hatch). 
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Also at least one larva was 50 hours ahead, developmentally, of 80 
o/o of the population. Under normal conditions, at no time were any 
larvae found that moulted more than 2 hours sooner than other larvae 
at initial onset of a culture ecdysis. In fact, 50 o/o of an ecdysis 
had occurred before 1./3 of the total duration of an ecdysial period 
had elasped. Therefore, although In a few cases (less than 1 o/o), normal 
growth was inhibited, at no time was it ever positively affected. For 
a differential feeding mechanism to operate in the presence of the dye, 
it would have to affect 35 o/o of the population and both a positive 
and negative deterrent would have to be present. The likelihood of 
such a mechanism being present appears very slight. 
Fespirometry studies showed that there was no significant 
difference in rate of oxygen consumption between stained and unstained 
larvae, in fact Og consumption of stained larvae was slightly higher 
than that of normal larvae. If the dye affected oxygen consumption, 
then one vmmld expect the stained larvae, which develop slower, to have 
a reduced 0^ consumption rate. Since 0^ consumption measures the relative 
rate of oxidative metabolism, an interesting problem arises. The dye 
inhibits larval growth but does not affect the total oxidative metabolic 
processes of the larvae. Therefore it appears that stained and unstained 
larvae use the same amount of energy but in different ways.- The normal 
larvae grow, the stained larvae do so, but at a much slower rate. Obviously 
the dye is somehow diverting or using the energy of the larvae normally 
used for growth0 
Histological studies present an indication of how such a utilization 
or diversion of energy may occur. The fat body tissue, which contains 
all the inert energy stores in the larvae, stained heavily with the dye. 
Abundant peripherally located spherical bodies were present. These bodies 
stained intensively blue-black. The intensity of color was found in no 
76 
other tissues except for the cytoplasmic inclusions in the hemocytes. 
The hemocytes are known to function actively in phagocytosis and have 
been shown to pick up ammonia carmine dyes. Undoubtly these inclusions 
in the hemocytes consist of highly concentrated Nile Blue Sulfate 
particles. No reference in the literature could be found describing 
the intensely stained bodies in the cytoplasm of the trophocytes. 
The hypothesis drawn here is that these spherical bodies are 
concentrated deposits of Nile Blue Sulfate, made chemically inert to 
the larvae by oxidative metabolic processes operative in the trophocytes. 
The abundance of these "deposits" could feasibly require enough energy 
to account for a large proportion of the growth inhibition found. Two 
lines of study could be conducted to confirm that metabolic processes 
form these "deposits" and that they are not some previously unidentified 
bodies of unknown physiological function. The first study would be 
to make comparative studies of in vitro and in vivo staining of the 
larval fat body tissue. If these deposits did not appear in in vitro 
staining, the assumption drawn is that these deposits were formed only 
when the larvae were alive and presumably by some metabolic process. 
Further verification could be obtained b3^ comparing the relative abdundance 
of these bodies in larvae reared in dye solutions for different lengths 
of time. If the number of these bodies increased the. longer the larvae 
remained in the dye, then again metabolic processes could account for 
their formation. 
Such a mechanism for "detoxifying" harmful, substances could also 
account for the differential effect upon larval development. If we 
assume such a mechanism exsists, it seems highly probable that it would 
be differentially developed in different individuals. The.mechanism 
would be similar to the detoxifying mechanism responsible for resistance 
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to chemical poisons found in insects, notably the house fly, 
M« domestics. Genetic isolation of a strain of A. aegyoti highly 
resistant to larval growth inhibition by the dye would conclusively 
prove the existence of such a mechanism. It has already been mentioned 
above that a small percentage (perhaps 10-15 o/o) of the larvae develop 
faster in dye solutions than the majority of a population. Selective 
breeding of these individuals could show the presence of a physiological 
process capable of reducing the dye inhibition effects on larval develop¬ 
ment. 
The larval organs and tissues that stained most intensively, the 
midgut, oenocytes, plasmocytes and fat body, function in intermediary 
metabolism. A correlation between physiological function and staining 
intensity appears to occur in the oenocytes, large and small, and the 
plasmocytes. Figure 4a, b, and c shows the staining properties of these 
three types of cells. The large oenocytes stain uniformly dark blue, 
with occasional areas in the cytoplasm staining intensely blue-black. 
The large oenocytes, clustered in pockets in the fat body, appear to 
function primarily in intermediary metabolism (Christophers, I960 and 
Wigglesworth, 19<o5). The small oenocytes stain irregularly, approximately 
half the cytoplasm stains dark blue, and half the cytoplasm deep blue- 
black. The small oenocytes adhere to the ventral parietal fat body, but 
are occasionally found floating freely in the blood. These oenocytes 
also function in intermediary metabolism, but may also function as storage 
sites of waste products (Wigglesworth, 1965). The plasmocytes, primarily 
proleucocytes in A. aegynti larvae, stain intensively blue-black. Very 
little cytoplasm is present in these cells. The plasmocytes function in 
phagocytosis and have been shown to concentrate dyes (ammonium carmine) 
when they were injected into the blood. The intense coloration of these 
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cells is obviously due to concentrated deposits of Nile Blue Sulfate. 
The inhibitory action of the dye on larval development makes the 
dye a possible control agent. Temporary ponds treated with the dye 
could prevent mosquito larvae from reaching the adult stage before 
the pond dried completely. In northern areas, those mosquito species 
overwintering as adults could be controlled by treating breeding sites 
late in the season. Thus the larvae of the last seasonal brood could 
be prevented from reaching the adult stage until sufficiently low* temp¬ 
eratures occurred to kill the resultant emerging adults. Those mosquito 
species which are multivoltine could be partially controlled by continual 
treatment of the breeding sites throughout the breeding season. Thus 
instead of 10 broods a season, dye inhibition of development could result 
in only 3 or 4 broods. 
No information is available on dye affects on adults. Whether or 
not the dye affects adult longevity, fertility, fecundity or egg viability 
is unknown. Investigations along these lines could prove worthwhile. 
In conclusion, the observed effects of the vital dye, Nile Blue 
Sulfate, on A. aegvpti larvae have made possible a speculative discussion 
of the inhibitory mechanism and the possible economic control value of 
this dye. Histological and respirometry studies indicate that the dye 
interfers with normal energy utilization in the developing larvae. The 
appearance of intensely stained blue-black spherical bodies in the 
trophocytes of the fat body is tentatively associated with the dye. 
Further investigation is necessary for conclusive proof of the nature 
of the inhibitory mechanism. 
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CONCLUSIONS 
The following conclusions result from this xrork. 
1. The dye significantly inhibits larval development at 
the minimum concentration (1.00 ppm) necessary for adequate 
staining of the larvae for mark and recapture studies. 
2. The dye does not significantly affect the oxygen consumption 
rate of stained IV instar larvae. 
3. The dye is somehow responsible for the utilization or 
diversion of energy that is normally used for larval growth. 
4. The dye is not recommended as a marking agent because of its 
effect (s) on the physiology of the organism marked. 
5. Further studies may elucidate the inhibitory mechanism of 
the dye and assess the potential value of such compounds as 
control agents. 
\ 
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SUMMARY 
Nile Blue Sulfate, a vital dye, adquately stains A. aegypti larvae 
for mark, release and recapture studies of larval populations. How¬ 
ever, Peters and Chevone (1968) found that the dye adversely affected 
larval development at concentrations of 10,00 ppm or greater. Tests were 
therefore conducted to determine if dye concentrations less than 10.00 
ppm adquately stained the larvae without significantly affecting the 
larval development period. This information aided in evaluating the 
potential use of the dye as a marking agent. 
Concentrations of 0.25, 0.50, 0.75» 1.00, 2.50, 5*00, 7.50, and 
10.00 ppm were tested. Dye concentrations below 1.00 ppm did not adequately 
stain the larvae and concentrations above 5*80 ppm resulted in high larval 
mortality (57.2 0/0 at 7.50 ppm and 92.3 0/0 at 10.00 ppm) prior to 
pupation. The lowest concentration tested, 0.25 pro, significantly 
(95 0/0 level) affected, development in most cases. Dye concentrations 
of 0.50 ppm significantly affected developnent at the 99 0/0 confidence 
level. Inhibition of development resulting from a 0.25 ppm dye solution 
was evident at the first ecdysis. As dye concentrations increased, 
overlapping of ecdysial periods occurred. At 5.00 ppm, I, II, III, and 
IV instars were present simultaneously. The dye affected the larval 
development period by (l) delaying the onset of each ecdysial period 
and (2) increasing the length of each ecdysial period. Dye concentrations 
of 2.50 ppm delayed the onset of normal pupation 5C hours and increased 
the normal range from 20 hours (0.83 days) to 143 hours (5*l6 days). 
Observations on the rate of dye entry into the body tissues of IV 
instar larvae showed that complete staining occurred in 3 l/2 hours, i.e. 
all tissues that stained did so in 3 l/2 hours. The larvae acquired the 
dye by feeding on stained yeast and the anterior midgut epithelium stained 
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in l/2 hour. The last tissue to stain completely was the fat body. 
The dye did not stain the foregut, hindgut, Malpighian tubules, 
tracheal system, hemolymph, heart wall or exoskeleton. Muscle tissue, 
imaginal buds, and the cerebral lobes of the supraoesophageal ganglion 
stained light blue. The oenocytes, plasmocytes, pericardial cells, 
lipoproteinaceous complexes in the trophocytes of the fat body and 
the midgut and caecal epithelium stained intensively. Peripherally 
located spherical bodies in the trophocytes stained a deep blue-black. 
Respirometry studies showed that oxygen consumption rates of 
stained and normal IV instar larvae did not differ significantly. 
Unstained larvae consumed an average of 7.83 ul/mg dry weight/hour 
and stained larvae an average of 8.04 ul/mg dry weight/hour. 
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APPENDIX I 
Ecdysial rates of A. aegypti larvae reared to pupation in a 5*00 ppni 
Nile Blue Sulfate solution. 
Ecdysis  Hours after hatch 
Rep 42 43 44 45 46 47 48 49 50 .. 53 56 66 6? 69 70 
1 1 3 4 1 2 3 2 1 2 7 1 
2 1 2 1 1 1 1 3 4 2 3 
3 1 3 1 2 4 3 1 1 2 8 1 2 
71 72 73 77 78 79 91 92 93 101 114 : 116 121 124 
1 4 1 1 1 1 1 3 
I 2 1 1 1 2 2 1 1 5 1 
3 1 2 1 1 1 1 5 
1 2 3 5 
II 2 1 1 2 2 2 1 
3 3 5 1 3 3 1 
126 140 141 143 144 145 164 00
 
V-
Tl
 
189 193 206 210 
1 2 3 
I 2 1 1 3 1 
q 1 3 
1 2 3 2 1 5 4 3 1 2 1 
II 2 1 10 2 2 2 4 
3 1 3 1 2 1 2 1 3 
1 1 2 3 1 1 
III 2 2 2 1 1 
3 1 1 2 2 2 
213 230 235" 242 255 258 282 303 
1 1 4 1 
II 2 1 2 5 
3 1 - 1 1 1 
1 3 1 3 5 
III 2 2 1 1 5 1 
3 5 1 1 1 
1 1 2 
IV 2 1 2 3 
3 1 1 2 

